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ABSTRACT 
A practical and time-saving procedure is presented using tree content and 
value estimates with multi-stage sampling, coupled with standing tree den- 


drometry for determining various product volumes and/or values for con- 
tinuous forest inventory (CFI) and timber volumes for sale. The flexibility of 
computer program STXMOD and subsampling with 3-P provides a wide 
range of sampling designs and field procedures. 
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INVENTORY DESIGN AND STATISTICS 


A forest inventory should be designed to 
provide accurate information and should do so 
at the least possible cost. Generally, the more 
accurate the inventory, the more measurements 
that must be taken; however, a compromise is 
possible through a trade-off between accuracy 
and cost. 

It is usually best to begin the design of an in- 
ventory by setting down all the information that 
is ultimately desired. Then, within cost limits, 
the inventory should be designed to collect the 
data which will provide this information. Ex- 
cept for small areas, it is usually impossible to 
visit and accurately measure every tree in the 
forest, so some sort of sampling must be em- 
ployed. 

In sampling, each population or stratum of a 
population has certain statistics defining its 
variability. Some of the basic terms of statistics 
and formulas are: 

Mean. — One of the most familiar and com- 
monly estimated population parameters is the 
Mean. Given a simple random sample, the pop- 


ulation mean is estimated by: = 


where: Xi= The observed value of the ith unit in 
the sample. 
n = Thenumber of units in the sample. 
n 
>.Xi means to sum up all‘‘n” of the X values in 


‘=! the sample. 


Standard Deviation. — Characterizes the dis- 
persion of the individuals about the mean. It 
gives us some idea whether most of the in- 
dividuals in the population are close to the mean 
or spread out. On the average, about two-thirds 
of the unit values of a normal population will be 
within | standard deviation of the mean. About 
95 percent will be within 2 standard deviations 
and about 99 percent within 2.6 standard devia- 
tions. We will seldom know or be able to deter- 
mine the standard deviation exactly. However, 


given a sample of individual values from the 
population, we can make an estimate. For a 
simple random sample of “‘n” units, the formula 


1S: 
sp = [| LX*-OX? 
penne ERS 


n- | 
Where: >'X? = the sum of squared values of all 
individual measurements. 


(>_X)? = the square of the sum of 
the measurements. 


Example: Ten trees of the same species were 
selected at random and measured. 
These diameters were 9, 11, 10, 8, 7, 
7, 6, 12, 10 and 9 inches. Based on 
this sample, the arithmetic mean 
diameter and standard deviation is: 


XxX Xx? 

9 81 

11 121 

10 100 

8 64 

7 49 

ih 49 

6 36 

12 144 

10 100 
89: Of 
Sum 89 825 

Mean = 89 + 10 
= 8.9 


_ | 825-89? 
SD = 10 
9 


Coefficient of Variation. — In nature, popula- 
tions with large means often show more varia- 
tion than populations with small means. The 
coefficient of variation (CV) facilitates com- 
parison of variability about means of different 
sizes. The CV is the ratio of the standard devia- 
tion to the mean. A standard deviation of 2 fora 
mean of 10 indicates the same relative 
variability as a standard deviation of 16 for a 
mean of 80. The coefficient of variation would 
be 0.20 or 20 percent in each case. In the 
problem discussed above, the coefficient of 
variation would be estimated by 


sory 
= 39 100 = 21.48% 
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Standard Error of the Mean. — The individual 
units of a population usually vary. The standard 
deviation is a measure of this variation. Because 
the individual units vary, variation may also ex- 
ist among the means (or any other estimates) 
computed from samples of these units. Take, for 
example, a population with a true mean of 10. If 
we were to select four units at random, they 
might have a sample mean of 8. Another sample 
of four units from the same population might 
have a mean of 11, another 10.5, and so forth. 
Clearly it would be desirable to know the varia- 
tion likely to be encountered among the means 
of samples from this population. A measure of 
the variation among sample means is the stan- 
dard error of the mean. It can be thought of asa 
standard deviation among sample means; it is a 
measure of the variation among sample means, 
just as the standard deviation is a measure of the 
variation among individuals. The standard 
error of the mean may be used to compute con- 
fidence limits for a population mean. 

The computation of the standard error of the 
mean depends on the manner in which the sam- 
ple was selected. For simple random sampling 
without replacement (i.e., a given unit cannot 
appear in the sample more than once) from a 
population having a total of N units, the for- 
mula for the estimated standard error of the 
mean is: 


23 0// SIDE i 
sE.=,/ 2 (1-2) 


In the problem discussed, we had n = 10 and 
found that SD = 1.91 or SD? = 3.65. If the pop- 
ulation contained 1,000 trees, the estimated 
mean diameter (X = 8.9 inches) would have a 
standard error of: 


Application of the Statistics Calculated 

For a sampling design, we are most concer- 
ned with the coefficient of variation (CV). The 
coefficient of variation is formally defined as the 
ratio of the standard deviation to the mean of 
the population, and is thus a measure of the 
relative variability of the population. In other 
words, the lower the coefficient of variation, the 
less variable the population. In random sampl- 
ing, the number of samples that must be taken 
for a given precision is directly related to the CV 
according to the formula: 


uae el OG 
= 


where: n = number of samples needed 

t = student’s statistics at a given level of 
probability (approximately 1 
for 67 percent level of proba- 
bility and 2 for 95 percent 
level of probability) 

E = desired sampling error expressed as 
a percent of the mean. 


Thus, if it is desired to sample a forest 
with a CV of 100 percent to a 10-percent 
sampling error 95 times out of a 100(t = 
2), the number of samples needed would 
be: 

_ 22* 100? _ 400 


Ss 


The above formula shows that doubling the 
precision of an invenry will require four times as 


many samples. The formula also infers that a 
10-percent sampling error at a 95-percent 
probability level is equivalent to a 5-percent 
sampling error at the 67-percent level. 

Where more than 5 percent of the area is oc- 
cupied by sample units, a “finite population 
correction” factor can be employed to reduce 
the number of sample units required, as 
suggested by Freese (1967, pages 12 and 13). 
However, sample units usually account for less 
than 5 percent of the area in forest inventories. 

We are seldom interested in just one 
parameter in forest inventory, but in designing 
an inventory, the CV for the most important 
parameter to be sampled, for instance, cubic- 
foot volume is usually picked as the basis for 
computing the number of samples needed. 
Remember, the use of this one CV may result in 
greater or smaller sampling errors on other 
parameters, depending on their own CV’s. 

Coefficients of variation can be estimated 
from old inventories or cruises, or a small initial 
sample can be taken to estimate CV. However, 
the estimate of CV should be based on the same 
sampling scheme to be employed in the inven- 
tory (that is, the same plot radius or basal area 
factor should be used). 

On asmall area where each tree can at least be 
visited, if not measured, trees to be measured 
can be selected randomly or by use of 3-P sam- 
pling. When trees are selected randomly, the CV 
is based on the variation in volume from tree to 
tree. In 3-P sampling, where the volume of each 
tree is guessed, the CV is based on the variation 
in the ratio of actual to estimated volume (see 
Forest Service Research Paper PSW-21, pp. 25- 
29). 

On larger areas, some form of sampling must 
be used that doesn’t involve visiting each tree. 
The two methods usually employed are fixed- 
and variable-radius plot sampling. Fixed-radius 
plots can be quite efficient in sampling even- 
aged stands where all trees are about the same 
size. However, care must be used to select the 
size of plot. Because fixed-radius plots sample 
too many small trees and not enough large trees, 
they are generally less efficient in sampling for 
volume than are variable-radius plots. 
However, in some cases, it is desirable to sample 


a large number of smaller trees (for example, in 
a forest where many trees are just becoming 
merchantable); fixed-radius plots would be 
suitable there. It is also quite common to use a 
fixed-radius plot for small-diameter trees (5 to 6 
inches [13 to 15 cm] and less) and sample large 
trees on a varaible-radius plot, both with the 
same plot center. 

Variable-radius plots are highly efficient in 
sampling for volume because trees are picked 
with a probability proportional to their basal 
area, which alone is usually a good predictor of 
volume. Variable-radius plots are usually most 
efficient in sampling uneven-aged stands, or in 
forests with a wide variation in size classes. A 
basal area factor should be chosen which gives 
an average count of about seven to ten trees per 
point. 

Three-P subsampling can be used with either 
fixed-radius plots or variable-radius points to 
provide an even more efficient and accurate 
sample. The formula given previously is used to 
determine the number of 3-P sample trees 
necessary, but here we are concerned with the 
coefficient of variation of the ratio of the 
calculated cubic volume to the estimated 
diameter at breast height (d.b.h.) squared, times 
height (D?H) or estimate volume of the tree, and 
the sampling error desired on the 3-P subsam- 
ple. The CV of this ratio is normally in the order 
of 15 to 25 percent. Thus, for a coefficient of 
variation of 20 percent, and a desired sampling 
error of 2 percent (two times out of three), 100 3- 
P sample trees would be needed. This sample 
should be increased somewhat to take care of 
possible variation in sample size. When perma- 
nent plots are used, the number of sample trees 
should be increased to allow for the loss of trees 
over a period of time as a result of cutting or 
mortality. The additional number of trees re- 
quired depends on both the length of rotation 
and the length of time before the inventory base 
is reestablished. The shorter the rotation, the 
faster the sample trees will be cut; the longer the 
inventory cycle, the more trees that will be 
needed to still have an adequate sample at the 
end of this period. 

Three-P sample trees are selected by 
generating a list of random numbers from | to 


ee 


“KZ” and selecting trees whose predicted 
volume (or height for variable-radius plot sam- 
pling) is equal to or greater than a paired ran- 
dom number. This results in a sample of trees 
proportional to their predicted volume or 
height, hence “probability proportional to 
prediction”, or 3-P sampling. KZ is determined 
simply by dividing the actual of estimated sum 
of all predictions (total volume on all plots or 
sum of all heights on all prism points) by the 
desired number of samples. Because the largest 
volume or height in the population (called ““K’’) 
is known, or can be estimated, random numbers 
larger than this will never select sample trees. 
These numbers can be considered as nulls, and 
any trees paired with these nulls will be rejected 
as samples. However, if any trees do occur 
which are larger than “K”’, they are selected and 
measured as sure-to-be-measured trees. This 
error can occur because of the lack of 
knowledge of the largest trees, but it is also often 
desirable to separate, and 100 percent measure, 
very large trees from the sample to prevent bias. 
Because the procedures described here can be 
used with almost any sampling scheme, it is 
usually fairly easy to convert an existing inven- 
tory system to one employing 3-P sampling and 
dendrometry. All that is usually necessary is to 
select a 3-P subsample from the inventory, den- 
drometer the sample trees and use the STX 
computer program to compile the data. 


ALTERNATIVE SAMPLING SCHEMES 


Three-P sampling and the STX computer 
program provide wide latitude in inventory 
design. If the number of trees is small, every tree 
may be visited. On larger areas the first-stage 
sample may be plots of any size or variable- 
radius plots of any basal area factor. 
Sophisticated sampling designs may involve 
three or more sampling stages, incorporating 
aerial photo plots or subsamples of selected 
plots, points or geographic areas. These ad- 
ditional sampling stages may be equal- 
probability samples, or may themselves be 3-P 
samples. Strata with differing intensities of sam- 
pling of differing plot sizes can be combined ina 
single inventory. Inventories may be stratified 
by species, d.b.h., geography, or any other 
scheme. Any species, product, or grade codes 
may be used. Some of the alternative sampling 
schemes available to the user of the STX 
program areas follows: 

Dendrometry of a subsample of plots or points. 
— It may be desirable to limit dendrometry of 
sample trees to a subsample of the first stage of 
plots or points. On these points or plots, either 
all trees or a 3-P selected sample of trees may be 
dendrometered. The advantage of not having to 
visit so many plots must be weighed against 
limiting the 3-P sample trees to only part of the 
first-stage population. 

Selection of sample areas for further 
subsampling. — First-stage sample areas may be 
selected based on areas delimited by photo in- 
terpretation or from reconnaissance cruises or 
inventories. If it is possible to deliminate areas 
with approximately equal total volume (not 
area), areas to be subjected to further sampling 
may be selected with equal probability. If this is 
not possible, the total volume of the first-stage 
areas should be estimated and sample areas 
selected by 3-P sampling. Either method will 
serve to reduce first-stage sampling variation. 
The areas selected may be inventoried by visita- 
tion of all trees, with trees 3-P sampled for den- 
drometry on all or part of the plots or points. 

Photo-point sampling. - Volume per acre may 
be guessed at randomly located photo-points. 
Points to be measured on the ground may be 


selected by 3-P sampling and, in turn, the trees 
on these points may be subjected to 3-P sam- 
pling to select trees for dendrometry, or a sam- 
ple tree is selected at each sample point by 
H/>H, following the procedure discussed by 
Chehock (1980). 

Ground-point sampling. — Like photo-point 
sampling, an estimate of volume per acre may 
be made at ground points, from which plots to 
be subjected to further measurement may be 
selected using 3-P sampling. Either all or a 3-P 
subsample of the trees on these plots may be 
dendrometered. 

Other sampling schemes. —- Any sampling 
scheme involving up to three sampling stages 
can generally be handled by the STXMOD 
program. More complicated sampling schemes 
can be handled by calculating frequencies or 
blow-up factors of some of the stages by hand or 
by another computer program and incorpora- 
ting them in the program control card fields. 
Grosenbaugh (1974) gives a complete discus- 
sion of possible multistage sampling techniques 
and the capabilities of the STXMOD computer 
program. 


LAYOUT AND ESTABLISHMENT 
OF SAMPLE POINTS FOR CFI 


The coefficient of variation of the sample, 
and consequently the number of samples 
needed, can be greatly reduced by delineating 
permanently nonstocked or nonproductive 
areas such as roads, open fields, lakes, rivers, 
etc. The net forest area to be sampled can then 
be determined by subtracting the nonforest area 
from the total land area. Sampling can also be 
more efficient if similar areas can be stratified 
and sampled separately. 

From a Statistical point of view, sample 
points should be selected randomly. However, a 
true random distribution of points over an area 
is difficult to achieve and most sampling 
schemes use some sort of systematic sample as a 
base. In the most common case, the net forest 
areas is divided by the number of samples 
needed to determine the area represented by 
each point. A grid which will provide the right 
sampling frequency can then be determined and 
constructed. This grid is then overlaid on a map 
with a random starting point and a random 
orientation. Sample points are established by 
pricking through the grid onto the map. 

This technique may be modified to provide a 
more random sample by constructing a grid 
that will provide some multiple of the actual 
number of points required. Then select the ac- 
tual points through the use of random numbers. 
For instance, a grid which would provide 10 
times as many samples as needed might be used, 
with one out of 10 points selected at random for 
measurement. The smaller the grid used, the 
more nearly point selection would be com- 
pletely random. As would be expected, this 
procedure is more costly. 

Another technique is to select points at ran- 
dom using map coordinates. Degrees of latitude 
and longitude, metric grids, or any other coor- 
dinate system can be used if available. Random 
numbers for either of these methods can be 
generated by the RN3P computer program. 

Once the plots have been located on a map it 
is often desirable to transfer them to aerial 
photos, if available, to aid in locating the plots in 
the field. The plots are established on the 


ground by scaling a bearing and distance from 
an easily located physical feature on the map or 
photo to the plot location and measuring this 
distance on the ground. The starting point 
should be permanently marked with paint or a 
metal tag, witness trees established if necessary, 
and the point should be documented on the 
back of the field sheet. 

If a better access point is discovered in es- 
tablishing the plot, such as a new road, trail, or 
firebreak, the original bearing and distance 
should be used for the initial establishment, but 
a secondary starting point may be established 
and documented. 

If the route to the plot is marked with paint 
blazes, the blazes should stop at least 100 feet 
(30 m) from the plot to avoid any bias in timber 
cutting operations about the point. The plot 
center should be permanently marked with a 
metal pipe or pin. Two or three witness trees 
should be established to permanently mark the 
plot location. These trees should be at least 4 
inches (10 cm) d.b.h. and likely to be present for 
10 years or more. The trees should be marked 
with metal tags at the ground level facing plot 
center. Species, d.b.h., the distance and bearing 
from the metal tag to plot center should be 
recorded on the field sheet. 

While some older inventories may incor- 
porate fixed-radius plots, most new inventories 
use variable-radius plots for greater efficiency. 
A prism or other angle gauge may be used to 
determine trees that are obviously in or out of 
the plot. Trees for which there is any doubt (bor- 
derline trees) must be measured and compared 
with a table of limiting distances (See figure 81) 
to determine if they are in or out. It cannot be 
emphasized too strongly how important this is, 
as a single tree may represent many thousands 
of trees in the sample. 

Each tree in the plot should be numbered 
consecutively clockwise from north, and tagged 
with a metal tag at ground line and/or d.b.h. 
facing point center. When remeasurement of 
old photos points is done, remove all old, metal, 
tree tags and renumber the trees again with a 
complete new numbering system. This practice 
will help keep future records more manageable. 


If the plot occurs on a slope, the plot must be 
corrected to horizontal. If the slope is gentle, the 
easiest way to do this is to use the table of 
limiting distance (figure 81), holding the tape 
horizontal in measuring from the center pin to 
the side of the tree at d.b.h. In this case no 
correction factor need be recorded. On steeper 
slopes, the limiting distance should be measured 
holding the tape parallel to the slope. The 
steepest slope perpendicular to the contour 
through plot center should be measured in per- 
cent and the appropriate slope correction factor 
looked up in figure 82 (page 130) and recorded in 
the XTRA column (see figure 3, page 15). 


LAYOUT AND ESTABLISHMENT 
OF SAMPLE POINTS 
FOR TIMBER CRUISES 


The procedures for the layout of a timber sale 
are about the same as previously discussed for 
CFI. The main differences are 1) temporary 
rather than permanent plots or points and 2) 
selection of subsample. 

As much care and consideration needs to be 
given to the sample design as before. Procedures 
used to establish the plot or point location 
should minimize the bias in the data collected. 
Usually, because timber cruising is on smaller 
tracts of land, sampling units are established 
along a compass line rather than individually 
located from photographs. Trees within a plot, 
whether fixed boundaries or variable radius, are 
usually not specifically identified; however, plot 
or point centers are frequently marked for short 
term future reference. 

The selection of sample trees to be den- 
drometered for CFI purposes is usually made 
after plots or points have been installed. During 
this selection process, an adequate subsample is 
drawn from each stratum to produce the 
necessary summary tables and to ensure a suf- 
ficient number of sample trees for future 
remeasurement. Usually, timber sales are more 
homogeneous, thus fewer strata need to be sam- 
pled, and fewer trees are measured because the 
final figures are needed once only. Selection of 
the sample trees for dendrometry is generally 
done at the same time the plot or point is 
installed. 

Random numbers for selecting the sample 
trees are generated on the basis of recon- 
naissance or other prior knowledge of the area 
and taken to the field for use as the project 
progresses. 
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SELECTION OF 3-P SAMPLE TREES 


Trees for 3-P sampling and dendrometry are 
selected by comparing the prediction (volume or 
height) for that tree with a computer-generated 
list of random numbers. Trees with a prediction 
equal to or greater than its corresponding ran- 
dom number are selected for measurement. 

To generate an appropriate list of random 
numbers, the number of sample trees required, 
the total number of trees in the sample, and the 
sum of all the predicted volumes or heights for 
these trees must be known or estimated (figure 
1). The largest random number to be generated 
is found by dividing the sum of the predictions 
by the number of samples required. For in- 
stance, if the sum of the heights on a variable 
plot sample was 4,125 and the number of 3-P 
sample trees desired was 75, the largest random 
number, called “KZ”, would be 5S. 

The largest prediction in the sample is usually 
known or can be estimated with some margin 
for safety. Since no trees are likely to be encoun- 
tered which are larger than this, then random 
numbers larger than this, even if generated, 
would never be used. Therefore, any numbers 
larger than the largest possible prediction, called 
““K”’, can be replaced by nulls, signified by 0 or 
-—99999’s in the random number list (figure 2). 
Any trees paired with such nulls are sure-to-be- 
rejected as samples. If trees are encountered 
which do have a prediction larger than K, these 
trees must all be measured and treated as sure- 
to-be-measured trees. 

Random numbers are generated and printed 
by program RN3P in blocks of S00. Enough 
random numbers should be generated to pair 
with each tree. Instructions on the use of the 
RN3P computer program are contained in the 
program. However, random numbers for 3-P 
sampling can be produced with any random 
number generator if the values for K and KZ 
and the number of random numbers needed are 
supplied. 


RANDOM NUMBER REQUEST FORM 
(RN3P) 


Control Card 1 
Inventory or Stratum Name: 


Test Project ID: TEST 
5 7 Ten a ae ee 


Control Card 2 
1. Starting number for random number generator (any 
number | through 999999999) (L) USI SEY 


2. Total number of trees tallied on first stage plots or 
prism points for this stratum, in multiples of 500 (LIM) 500 


3. Volume or height of largest tree to be sampled (trees 
with volumes or heights larger than this will be 100 per- 


cent sampled) (K) 222) 
30 
4. Sum of predicted volumes or heights for this stratum: 4125 
5. Number of trees to sample in this stratum: iS 
6. Divided line 4 by line 5, round to nearest whole num- 
ber, and enter here (KZ) me) 


The number of trees to be sampled can be estimated by using the following 
formula: _ t2.CV? 
D rigEee 
where: 
n = number of trees to sample 
t = student, statistic at a given level of probability (approximately | for 67 percent 
level of probabilty and 2 for 95 percent level of probability) 
CV = anticipated coefficient of variation of the 3-P subsample 
E = desired sampling error as a percent of the mean 


Figure 1. - An appropriate list of random numbers can be generated when this form is completed 
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Figure 2.-Random number using RN3P with “0” shown as nulls rather than -99999. 
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The RN3P computer program may be 
modified to write the random numbers 
produced onto tape or disk for computer selec- 
tion of sample trees. You may select 3-P sample 
trees in the field by taking the random integer 
list to each plot as it is established and compar- 
ing the prediction for each tree with the list as 
the tree is measured. Those trees selected can be 
dendrometered immediately. 

There are several advantages to establishing 
the points first and returning later for den- 
drometry. First, this concentrates the use of the 
dendrometer and the person trained to run it 
into a much shorter period of time. Usually, 
only from one-fourth to one-half of the plots 
need to be revisited with the dendrometer. 
Second, if the plots are established before pick- 
ing the 3-P sample trees, the exact population 
parameters are known, which makes sampling 
more efficient. Computer selection of the sam- 
ple trees by list sampling techniques can be used 
to ensure the right number and best distribution 
of sample trees. Also, the population can be 
screened for very large trees, minor, but 
valuable species, or other situations that might 
require 100-percent sampling or at least a more 
intense sample. The cost of revisiting the points 
must be weighed against these advantages in 
deciding whether or not to conduct an inventory 
in two stages. 

The STX tally sheets are designed to facilitate 
field entries, editing, and punching of data that 
relate to the tree as a whole (Tree data sheet, 
figure 3), and data that is card-punched as 
shown on figure 4. Stem measurements are 
made along the bole on as many as four 
measurements per card and four cards per tree, 
for the diameter and length measurements (den- 
drometry sheet, figure 5). However, the 
program is capable of processing the data from 
a total of nine cards per tree. 

In some special cruise situations such as sim- 
ple 3-P, where predictions are made for all trees 
in the population, data are recorded for only the 
3-P selected sample trees and the predictions 
may be recorded and totalled on another form. 


HAND CALCULATION OF FIELD DATA 


Because computers are capable of rapid 
repetitive computations where sorting and sum- 
marizing of the information are performed in 
micro-seconds, it is usually to our advantage to 
use the computer. However, there will be times 
when checking frequency factors or complete 
hand calculations for final volumes may be 
desired and the mathematical procedure must 
be known. 

The basic formula for using the simple 3-P 
sampling theory to calculate frequency 1s: 


H 
S KPI 
FREQ = 75 KPI 


Where: 


H 
» KPI =Sum of predictions for all trees within a 


is | 


stratum 


KPI=Prediction of volume or value (height for 
point sample) of 3-P selected tree 


n=Number of 3-P selected samples within 
stratum 


H =n+NR 
NR=3-P-rejected trees 


The frequency is multiplied by the sample 
tree volume, where this volume may be deter- 
mined with dendrometry using one of the 10 
methods to be discussed later, or from a volume 
table. The formula then becomes: 


H 

KPI 
VOLUME —_—_ 

n*KPI 


ay Gl 


(YI=actual volume of 3-P selected sample 
tree based on dendrometry or volume tables.) 


The volume calculated for each of the sample trees is totalled for the grand total. 
Where trees are subsampled with 3-P from point-selected trees, the formula becomes: 


BAR ey (lA KER 


.005454154D?, NP n*KPI “I 


Volume = 
Where: 
BAF=Basal Area Factor 


.005454154D? = mr?/144 = square feet of basal area or (.0000785398D?2 = mr?/10,000 = square 
meters of basal area) for tree of d.b.h. D inches (cm). 


NP=Number of point samples within stratum. 


TA =Total acres in stratum (cr hectares), 


The flexibilty of cruise or inventory design is quite limited when using the above formulas, but 
much information can be determined by these methods. 

When more complex cruise designs are used, the frequency calculations should closely follow the 
procedure used in the computer program. This practice considers all the various options that are 
provided to the user. Usually, the following formulas are used for checking frequencies following a 
computer run and not for total volume calculations. 

The frequency of a preselected sample tree (sure-to-measure trees with “=” in column 11) is 
calculated without regard to KPI, if any was input, and is always: 


FREQ=QI*CC6*XTRA 
XTRB*PBI 


The frequency of a 3-P sample tree (with “*” in column 11) when LS1=1 is always: 


FREQ =QI*CC6* XTRA » [ Sarge + 5; XTRA*KPI | i [x * yes XTRA 


The frequency of a 3-P sample tree (with “*” in column 11) when LS1 =2 is always: 


FREQ =QI*CC6* XTRA . [co 3 — N XTRA*KPL | [ KPI “St xara ai 
XTRB*PBI CC6 “XDRBToo 
Where: 


QI = 1Q/100(IQ/1000 for metric) 
CC6 = Multiplier (See control card 6) 
XTRA = Multiplier (See tree card) 
XTRB = Divisor (See tree card) 
PBI = TREE basal area in square feet or meters 
CC8 =Seecontrol card 8 
NN _ = Number of sure-to-measure trees 
NS = Number of 3P selected trees 
NR = Number of rejected trees 
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Figure 4.-Tree data for predicted tree only. 


TREE DATA 


The following data must be recorded for all trees included on the sample plot or point when using the 
STXMOD program for forest inventory purposes or large cruises where point or plot first-stage sampling 
are used (figure 3). 

To assure successful processing of data, entries on tally sheets must follow explicitly the recording direc- 
tions below: 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-4 Data processing is simplified if a unique tree number can be KREENO 14 


recorded for each tree. The numbers need not be consecutive and 
may follow any scheme desired; however a suggested method is 
to record the point or plot number in columns 77 to 80 and num- 
ber the trees of each point or plot consecutively starting from 
“1.” By combining the point or plot number with the tree num- 
ber, a unique identification is given each tree in the sample. 


5 Column 5 is blank on the tree tally sheet (figure 3), but is used for JQ Il 
the card number within the tree on the dendrometer tally sheet 
(figure 5). 

6-9 Predicted Volume or Height 
A. All trees on fixed-radius plots, or 100 percent tally with 3-P KPI 14 


sample, enter volume - either guessed or from volume table 
(cubic, board feet, cubic meter). 

B. Trees on variable-radius plot: enter height (guessed or 
measured). Use total height or height to a merchantable top, 
in feet (meters) or in logs, bolts, or any other product unit 
that is directly convertible to feet (meters). Height or volume 
should be entered to the nearest whole number. 
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Card 
column 


12-15 


17-21 


2? 


23-51 


52-56 


Entry on Dendrometer Cards 


Trees for which no volume is needed (culls, submerchantable 
trees, etc.), but for which basal area and number of trees are 
desired should be recorded as sure-to-be-measured trees (““=”’ in 
sampling class, column 11) with an asterisk in TERM (column 
72). No predicted height or volume is needed for such trees. 


Stratum. — Ifthe sample is not stratified, this field can be left 
blank. Otherwise, enter a stratum number from one to nine. 
Samples may be stratified by geography, species, d.b.h. group, or 
any other scheme. 


Sampling Class. — (Blank, *,=) —- Enter ““=” for sure-to-be- 
measured trees. Enter ‘‘*”’ for trees selected for dendrometry 
by 3-P sampling. Leave blank for all other trees. 


Class. — Use this field to record any desired tree classifications, 
such as species, d.b.h. group, etc. This field will accept both alpha- 
betic and numeric codes. 


Blank. — This field is not used. 


D.B.H. - Enter d.b.h. to nearest tenth inch. A decimal point is 
implicit, but entering a decimal point will override (Format, 
F5.1). S.I. Units=centimeters and tenths). 


Use this column to identify units of measurement (U.S. or 
metric) for input; it must agree with Column 65 on control card 2 
(‘“blank” for U.S. and ‘“‘+” for metric). When metric measure- 
ments are taken, a ‘‘+” must be entered for all trees on the point 
or plot. (If used, enter column 22 on both Tree Data and Den- 
drometry Data forms.) 


See Additional Tree Data, page 21. (This data is entered for sam- 
ple tree only.) 


XTRA Correction. —- Leave blank when all trees or trees on fixed- 
radius plots are sampled. For trees on variable-radius plots, en- 
ter the product of the following correction factors: 

1. Slope correction secant of slope perpendicular to the contour 

(see table 1). Figure 81. 

2. Partial sweep correction if half or quarter sweeps are taken to 
correct for boundary-line slopover. The correction factor is 
the reciprocal of the sweep. For example, the correction fac- 
tor for a half-sweep would be 2. 


i 


Variable 
name 


LST 


CERT 


BETATH 


DBH 


JIM 


XTRA 


Statement 
format 


I] 


Al 


A4 


Al 


F15.0 


Card 
column 


57-71 


72 


73-76 


77-80 


Variable 
Entry on Tally Sheet name 


3. Ifthe basal area factor is changed during the inventory, the 
factor being used or a multiplier of that factor must be en- 
tered here for proper weighting of the point as it relates to the 
total volume. 

4. Ifthe sampling intensity varies within a stratum, the area 
represented by this particular point, or a multiplier, must be 
entered. XTRA may vary by tree, cluster, or stratum and may 
be the product of the above factors acting together. 


XTRB. - Leave blank for most sampling schemes; it is a divisor XTRB 
and may vary by the tree or stratum, and may be the product of 

several divisors acting together. However, for each relative 

probability, a corresponding factor must be present in CC6 to 

convert relative probabilities to absolute. 


Term. — Normally blank but should contain an asterisk (*) when TERM 
only the basal area and number of trees are needed for cull or 

other unmerchantable trees, and /or frequency factors are need- 

ed for future use. 


Blank. - For all trees not selected for measurement. 


Point Number. — Plot or point number or other sampling unit PLOTNO 
identification; maximum number size is 1,500. Blank for simple 
3-P cruise (100 percent marking). 


Miscellaneous. — This column is not key-punched and may be 
used for any purpose. Thoroughly field check your data for any 
errors or omissions. If you are working with a partner, have him 
or her check your work. It’s a lot easier to locate errors while on 
the plot than to have to return to pick up missing or incorrect 
data. 


Statement 
format | 


15:0 


Al 
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SAMPLE TREE 
RECORDING SHEET FOR STX 
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rate of taper 


unseen merch. length 


For unseen material, total tree ht. 


distance 2-78 CC 


Dendrometer set up: bearing 


Figure 5.-Dendrometry sheet showing entries for four cards; up to nine cards per tree can be prepared. 
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DENDROMETRY 


Trees for dendrometry are selected by comparing random numbers generated by computer program — 
RN3P; when the predicted height or volume is equal to or greater than the random number (nulls excep- 
ted), the tree is selected. Selected trees should have an asterisk (*) recorded in card column 11 (figure 6). 

Sure-to-be-measured trees (those with predictions larger than “K” or in a stratum calling for 100- 
percent measurement) for which volume information is desired must also be dendrometered. These trees 
must have an equal sign (=) recorded in column 11 (figure 6). 


Tree Card 


AA ate 
666 65(5/6 66615 


bevanhhanahl 


sebiatoet 


Figure 6.-Tree card for 3-P selected trees. Sure-to-be-measured 
trees are recorded with an “=” incolumn 11. 
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Additional Tree Data 


The following additional tree data must be recorded for all measured trees, whether sure-to-be- 
mesured or 3-P selected. Options: Fields 23-26. 


Variable Statement 
Field Entry on Tally Sheet name format 


23 Type of Measurement. — Field 23 codes the method used METH Il 
for measurement. 
0 Barr and Stroud FP-12 (earlier model) dendrometer 
_1 Barr and Stroud FP-15 dendrometer 
2 Direct reading calipers, tape, felled tree where each log 
length and diameter is entered directly 
3 Modified Zeiss Teletop dendrometer 
4. Transit dendrometer 
5 American Scale Relaskop 
6 Direct reading caliper, 100-foot base (i.e., Wheeler, Penta- 
prism, McClure mirror caliper, Transit dendrometer, and 
Tele-Relaskop) 
7 Direct reading caliper, 66-foot base 
8 Todis dendrometer 
9 Tele-Relaskop 
Field procedures for use of each method are discussed in the 
Instruments and Recording Tree Measurements portion. 


24 Bark. — Usually enter “1” for hardwoods, “2” for softwoods and MBK I] 
‘*3” for trees where the relative bark thickness tends to increase 
up the tree. 
However, to establish the proper option for any species (or tree), 
measurements of bark and diameter outside bark (d.o.b.) should 
be made at stump height, at breast height, and as high as can be 
reached from the ground for as many trees as needed to establish 
a trend; this is usually about 10 sample trees of a given species. 


The d.i.b./d.o.b. should be computed and averaged at each level. 
Bark option is “0” or “1” if d.i.b./d.o.b. for three levels is con- 
stant, “2” if it increases with height, and “3” if it decreases with 
height. See figures 66,67,68,69 for examples of the 3 options. 


21 


Variable Statement 
Field Entry on Tally Sheet name format 


Procedures used by the computer are: 


Option 0 or 1.- The d.i.b./d.o.b. at any point on the stem 
assumed equal to (d.b.h.i.b./d.b.h.o.b.) (abnormal taper) (figure 
66). 


Option 2. - The d.i.b./d.o.b. is projected hyperbolically. The 
d.i.b./d.o.b. is made to increase above breast height and 
decrease below breast height; i.e., relative bark thickness is 


programmed to decrease up the stem (most softwoods) (figure 
66). 


Option 3. - The d.i.b./d.o.b. is projected hyperbolically. The 
d.i.b./d.o.b. is made to decrease above breast height and in- 
crease below breast height; 1.e., the relative bark thickness is 
programmed to increase up the stem (figure 66). 


25 Unseen material. — If you can obtain measurements at or above MUL Il 
the merchantable top, leave this field blank. If you have four or 
more uninterrupted measurements (an interruption is caused by 
a fork ora shift in instrument position) the computer is able to 
project to a specified merchantable top based on its analysis of 
taper and form. Put “1” in this column to trigger this projection 
(However, enter total height, estimated unseen merchantable length, 
and rate of taper on the dendrometry data field sheet (figure 5) in 
“remarks” asa check on this projection. ) 


If you do not have enough mesurements for computer projection, 
enter code 2. Unseen merchantable length and rate of taper 
should be entered on the tree data sheet in the columns headed 
UML and UDT, and also as a remark at the bottom of the den- 
drometer sheet along with the total height. ) 


26 Interpolation. — The computer program performs interpolation JAM Il ) 
of measurements for specified top and intermediate diameters, 
either inside (d.i.b.) or outside bark (d.o.b.). Interpolation is 
triggered by coding column 26 of the tree data card as follows: 


0 or Blank=no interpolation (tree processed exactly as measured). 

| =Interpolate to fixed top d.o.b. (the portion of the tree smaller 
than this will be discarded). 

2=Interpolate to fixed intermediate d.o.b. 

3=Interpolate both fixed top and intermediate d.o.b. 

4=Interpolate to fixed top d.i.b. 

5=Interpolate to fixed intermediate d.i.b. 

6=Interpolate both fixed top and intermediate d.i.b. 


This procedure allows the delineation of product classes for ) 
which the only limitation is product size. For example, if the 
limiting product size for pulpwood is 4 inches (10 cm) and for ) 
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Field 


27-34 


35 


36-38 


39-4] 


42-56 


57-71 


jp 


73-76 


Entry on Taliy Sheet 


sawtimber is 7 inches (18 cm), these points on the tree stem can 
be found by interpolation. Where limitations of product mer- 
chantability are due to roughness, limbiness, straightness, or 
other factors, the limits of a product in the tree should be defined 
by measurements at the points where products change, rather 
than by interpolation. Thus, codea “0” for no interpolation. 


Bark. — Enter one or two bark thicknesses in inches (cm) and 
tenths. Data may be entered without a decimal point if right 
justified. When measurements are taken inside bark, enter -009 
(no deduction will be made). If no entry of bark thickness is 
recorded, the program assumes that d.b.h.i.b./d.b.h.o.b. is .90 
and the mode of correction is guided by the option coded in 
column 24. 


Blank. -— This column not used. 


UML. - For unseen material option code 2 (column 25), enter 
unseen merchantable length. Lengths 10 feet (10 m) and over 
must be entered to the nearest whole foot (meter). Lengths under 
10 feet (or 10 meter) may be entered to the nearest tenth of a foot 
(decimeter) by entering a decimal figure. 


UDT. - For unseen material, option code 2 (column 25), enter 
the rate of taper of the unseen material in inches per foot (cm /m) 
of length. For example, unseen material tapering at a rate of % 
inch per foot (4 cm /m) would be entered as .25. 


XTRA. - This is a multiplier when IQ=-1 (columns 56 to 64 on 
Control Card 2) that may vary as needed by tree, cluster, or 
stratum and may be the product of several factors acting 
together, such as slope, slopover, basal area or acres (hectares) 
per point. This is especially useful when remeasuring sample 
trees from a permanent inventory where frequency factors have 
already been calculated and when using three or more stage sam- 
pling designs. 


XTRB. - A divisor that may vary by the tree, cluster, or stratum 
and may be the product of several divisors acting together. 


This field is normally blank but when an “*” is entered it will 
produce a tree count and calculate a frequency factor for use in 


later inventories. 


Volume deductions in percent or board feet for the product 
grade code designated on control card 10, columns 24 and 25. 
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Variable 
name 


BKA 
and 
BKB 


UMAXL 


UDORT 


XTRA 


XTRB 


TERM 


DEDT 


Statement 
format 


2F4.1 


1X 


F3.0 


F3.3 


FIS0 


F15.0 


Al 


F4.0 


Field 


78-80 


Variable 
Entry on Tally Sheet name 


Figures should be either in whole percent or the nearest board 
foot (not Decimal C). If entries are not in whole percent or feet, 
the decimal must be included. On control card 10, columns 57 
and 58 must be completed if this option is used. The type of 
defect deduction must remain the same throughout. (S.I. units 
are cubic meters or percent). 


Plot Number. - The point or plot number is needed for cal- PLOTNO 
culating the statistics of the first stage sample of a multi-stage in- 

ventory. The same number must be entered on the tree data and 

dendrometer data cards when used, but may be left blank for all 

cards when statistics are not desired. 
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Statement 
format 


14 


Dendrometer Card 


Figure 7.-Two cards are used to record the necessary measurements 
for this tree. Nine cards can be used if needed. 


7a) 


Dendrometer Card 


When a sample or sure-to-be-measured tree is identified (column 11 of the tree data card has an * or =), 
one or more dendrometer cards must follow. The exception is when only the number of trees is needed, 
which ts indicated by an asterisk (*) in column 72 of the tree data card. Each dendrometer card must have 
the same tree number in columns | to 4and the same point number in columns 77 to 80 as the tree card that 
preceded I. 


Card Variable Statement 
column Entry on Dendrometer Cards name format 

|-4 Tree number KREENO 14 

5 Card number within that tree JQ I] 

6-11 Blank 6X 
12-15 TGRADS. - A representation of the distance from the tree. De- TGRADS F4.1 


pends on the types of instruments used to measure the tree. (First 
tree section) 


16-19 FGRADS. - A representation of tree diameter dependent on the FGRADS F4.1 
instrument used. (First tree section) 


20-24 SINELYV. - A representation of height or distance from the last SINELV F5.4 
measurement. (First tree section) 


Each of the above trio of measurements, if needed, is recorded 
for all measuring points on the sample tree. 


25-26 GR. - The grade of the section between this measurement and GAMATH A2 
the previous measurement. This may be any alphanumeric com- 
bination desired by the user (examples: Sawtimber=ST, Top- 
wood=TW, Pulpwood=PW, and Plywood Log=PL, etc.). 


27-41 Same as columns 12 to 26 (second section) 

42-56 Same as columns 12 to 26 (third section) 

57-71 Same as columns 12 to 26 (fourth section) 

72 1) Blank when additional readings are on the next card. TERM Al 


2) + when dendrometer readings are interrupted by a fork ora 
change in instrument position. 


3) * for the final dendrometer card of that tree. 


73-76 Radial growth in inches and tenths (cm and mm) for the desired GROWTH F4.0 
number of years recorded with a decimal point. Growth must be 
recorded on each dendrometer card for the tree (format F4.0). 
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USE OF INSTRUMENTS 
AND RECORDING OF 
TREE MEASUREMENTS 


The STX tally sheet is designed in two 
parts to facilitate field entries, editing and 
punching of data: 1) the tree data relate to the 
tree as a whole, and 2) the dendrometer data 
relate to the stem measurements made along the 
bole on as many as nine cards per tree. 

The following sections discuss the 
dendrometry data for each of the instruments 
when recording tree measurements. 


Barr and Stroud Dendrometer 

Two models of the Barr and Stroud den- 
drometer will be discussed: The FP-12, an 
earlier model, and the FP-15, a later and the 
most used model. The only functional dif- 
ference between them is the procedure of 
reading and recording the vertical scale. This 
difference is discussed later under SINELV. 

Both instruments require specific, related 
information that is used in the calculations of 
diameter and height. Most copies of the STX- 
MOD program have incorporated this informa- 
tion into it. However, if the information is 
needed, it is as follows (refer to control card 2, 
columns 17 to 43): 

_ B=(columns 17 to 22) 08.000 (enters as 
08000), short-base-range finder dendrometer, 
optical base in inches (20.320 cm). 

Q=(columns 23 to 31) .01964673, enter as 
01964673, sine of 2 the maximum deflection 
caused by counter-rotation of shortbase-range- 
finder dendrometer prisms away from the 
neutral position. 

U=(columns 32 to 37) -1.1905 (enter as 
-11905), constant amount of deflection in 
degrees built into a given short-base-range find- 
er dendrometer and algebraically added to the 
variable deflection caused by the prisms’ 
counter-rotations. 

G=(columns 38 to 43) 1.5658 (enter as 
15658), refractive index of the glass used in the 
counter-rotating prisms. 


Models FP-12 and FP-15 (options 0 and 1) 
Record in column 23 of tree data card 


Di 


(figure 5). 

Option “0” applies to the FP-12 Barr and 
Stroud dendrometer; Option “1” applies to the 
FP-15 model. 

Both models of this instrument incor- 
porate a range-finder; therefore, no baseline is 
necessary. The instrument may be set up 
wherever the view of the tree’s bole is best, but 
must be at least 36 feet (11 meters) from the tree. 

Trios of measurements are taken at each 
point on the tree, beginning at the bottom and 
working upward. There is no set rule for the 
number of points at which the tree should be 
measured. At a minimum, however, readings 
should be taken wherever the form, product, or 
grade of the tree changes. Because these 
readings can be taken rapidly, and you have 
already taken the time and expense to reach the 
tree, you should take a minimum of six 
readings, including the stump and the d.b.h., 
which are usually measured directly. On each 
reading, make sure that the vertical fiducial 
mark at the top of the field of vision is approx- 
imately coincident with the left side of the tree, 
and the split image cuts at a right angle through 
the bole. 


Recording 

TGRADS. - A reading with the image of 
the tree in true coincidence, or as the tree nor- 
mally appears, provides the range to the tree. 
The left-hand edge of the tree should be aligned 
as Shown in figure § (the right-hand edge may be 
slightly out of line) by rotating the knob at the 
right end of the instrument. Read TGRADS on 
the vernier scale at the upper right of the instru- 
ment (figure 9). Enter the reading on the field 
sheet as a four digit number without a decimal 
point, i.e., 23.1 would be entered as 0231. Unless 


Figure 8.—Left-hand alinement for TGRADS. 


the tree is leaning toward you or is downhill 
from you, these readings will normally increase 
as you go up the tree because the range (slope 
distance) is increased. 


FGRADS. - A reading with the image of 
the tree in false coincidence, or completely 
offset, corresponds to the diameter of the tree. 
Rotate the knob at the right of the instrument 
until the left-hand side of the top image is exact- 
ly in line with the right-hand edge of the bottom 
image (figure 10). FG@RADS is then read on the 
vernier scale (figure 9). Enter the reading on the 


= 
S 
S 
0922 
=— ~ 
S S 
1205 


Figure 9.-Examples of grad scale settings. 


Figure 10.—Offset alinement for FGRADS. 
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field sheet as a four digit number without a 
decimal point, the same as the TGRADS 
reading. Unless the tree is leaning toward you, is 
downhill from you, or a section has reverse 
taper, these readings will normally decrease as 
you go up the tree. 


SINELV. — The coded sine of the elevation 
above and below horizontal is read by moving 
the micrometer type adjustment at the left of the 
instrument until the bubble in the level tube is 
centered. SINELV is read from the vernier and 
entered as a five digit number without a decimal 
point, i.e., when using the FP-15 model, 0.6 271 
would be entered as 06271 and 1.2546 would be 
entered as 12546 (figures 11 and 17). These same 
measurements on an FP-12 model would be 
recorded —3729, reading negative sighting from 
the red scale, and +2546 reading a positive 
sighting from the black scale (figures 12 and 16). 
Be very careful in making these readings because 
many errors are made here. The dendrometer 
units and tenths are read on the fixed part of the 
vernier scale. Hundredths and thousandths are 
read on the rotating head, with ten thousandths 
being estimated. (For the FP-12 model, units 
are recorded as + or -, reading the black num- 
bers when above horizontal “+”, and reading 
the red numbers when below horizontal “~”). 
These readings will always increase as you go up 
the tree unless a change in the plane of reference 
has been signalled by coding TERM witha “+” 
sign. Figures 13, 14 and 15 show examples of 
recording procedure for both models of the Barr 
and Stroud dendrometer, and the computer 
output. 


90 80 


04825 


10000 12546 


Figure 11.-Examples of inclinometer settings, model FP-15 dendrometer. 


29 


RED 


BLACK 


765432101 2 3 


-3729 -2340 


2546 3055 


Figure 12.-Examples of inclinometer setting, model FP-12 dendrometer. 
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SAMPLE TREE 
RECORDING SHEET FOR ~ 28 


AE Oe OS fe ¥-/10-77 Tree Data 


Tree Ht. or 
Be ee Been eek 
QTlOglipi2 15417 21423 27 30]3! 34 


ee 


ee. 
36 38139 


D XTRA ays ot XTRB 
Percent or CFI 
Volume Deduction Point No. 
ws 76 a 80 
Dendrometry Data 
TREE NO. < T GRAOS F GRADS SINELV GR 
; Sane. aEDBE = 
CFI 
| ae ; LH f= GROWTH POINT NO. 


in every card. 


rate of taper 


yngeor march. ieagth 


For unseen material, total tree ht. 


disiance 


Dendrometer set up: bearing 


2-78 CC 


Figure 13.-Example of Barr and Stroud model FP-12 recording procedure for a measured tree. 
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SAMPLE TREE 
ee SHEET FOR § 


pate 0 7 meCEr eA W - La HOS Tree ee eo 


1 8eek Toe 


7l 

Percent or CFl 
Volume Deduction Point No. 
76 aia 80 


Lue 


Ep chee amore coos ee ces a= SS Se ee eee es ees es ea ee 


Dendrometry Data 
TREE NO. =” GRADS F GRADS  SINELV GR LEAN 
l 


de 
mais | Ie HEC ae 
comes, PLL Po eP Lia ase crown poi no, 
73-00 are ERIE eizebe ooee. 73 an: 
oes BIZ lelvebteoeteot SGA: REY 
Pelz lelsleivletstetro Sketch tree below 
713) 
42 
2 
) 
For unseen material, total tree ht. unseen merch. length... rate of taper ee 
Dendrometer set up: bearing distance 
2-7f6.CC 


Figure 14.-Example of Barr and Stroud model FP-15 recording procedure for a measured tree. 
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Figure 16.—Barr and Stroud model FP-12 micrometer adjustment for reading elevation changes. 


Figure 17.-Barr and Stroud model FP-15 micrometer adjustment for reading elevation changes. 
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Direct Reading Dendrometry (Option 2) 


Record in column 23 of tree data card. 

This option is useful for several instru- 
ments that can read diameters and segment 
heights directly, but is best suited for use with 
felled tree measurements or climbing. 

The TGRADS columns are not used when 
using Option 2, Direct Measurement. The 
diameters determined at each point are entered 
in the FGRADS and the length of each segment 
in the SINELV columns. 
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Felled tree and climbing measurements are 
taken with either a diameter tape or calipers at 
each segment, product, or taper change. The 
diameter and length for each measurement is 
recorded as shown on figure 18; computer out- 
put is shown on figure 19. 

The felled tree procedure works well for 
the sample trees selected when determining the 
volume of timber to be harvested; obviously this 
procedure would not be used for forest inven- 
tory. Climbing may be used in either situation; 
however, it is time consuming and dangerous. 


SAMPLE TREE 
RECORDING SHEET FOR STX 


Sit wun alae Tree Data Bz 


Ex 
Tree | Ht. or | Opt) Saigon 
a Hi ren soo" Wath * al. het 
ghiofiifi2__ 157 2i\z3}2a|25p6|27___30 3638/39 41 


iti ee 


7 
Percent or CFI 

Volume Deduction Point No. 

73 76 77 80 


qe ee ee ee eee ee eee ee eo eo eee eo ee eee i) = 


Dendrometry Data 
TREE NO. ES T GRADS F GRADS SINELV GR LEAN 


SS ee 
tel st le 4 |» lol lo} 
BeBe 


Cols. |-4, 
73-80 are 
in every card. 


CFI 
GROWTH POINT NO. 


73 76 «77 80 
BADGE ERee 


Sketch tree below 


PTT TE Te eT Ist Beh! 
PERS hee Bells Zs 
Pitt Phot. 7) 131. lel Plo 


For unseen moterial, total tree ht. 


unseen merch. length 


rate of taper 


Dendrometer set up: bearing distance 


2-78 CC 
Figure 18.-Example of direct measurement recording procedure for a measured tree. 
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Zeiss Teletop Dendrometer (Option 3) 

Record in column 23 of tree data card. 
Mesavage (1969) provides pertinent informa- 
tion on the use of this instrument. Examples of 
data recording and STXMOD computer out- 
put are in figures 20 and 21, respectively. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE eee Tree Data 


Tree] Ho Site aaa Sc 
ores ie TD eps ciliate 
sulla eee alae savant pe 


St 


42 XTRA 56 57 XTRB 7 
Percent or CFI 

Volume Deduction Point No. 

73 76 Ud 80 


Dendrometry Data 
TREE NO. J TGRAOS F GRADS  SINELV GR 
| 5 


pp 
BAMABEARARa 
platalat LtsbP tate etch 
Aslolol bby lalel eb kal - 
AGRE | 
Pst at7P | 7lalel7t le. | 
lalla i-laialat7 13131. [3] 
aig ieeadie 


CFI 
GROWTH POINT NO. 


73 UTC gg ald mers SO 
SESE F SEme 


Sketch tree below 


Cols. 1-4, 
73-80 are 
in every card 


PCCCELOLPLC EO 
Pee ee 


rate of taper 


For unseen material, total tree ht. unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 20.-Example of data recorded for measurements obtained with the Zeiss Teletop (option 3). 
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Transit Dendrometer (Option 4) 

Record in column 23 of tree data card. 
Like any transit instrument, the transit den- 
drometer must be level before any readings are 
taken. Most transit dendrometer instruments 
have just a bull’s eye bubble for leveling. The 
horizontal distance from the center of the tree to 
the instrument must be known before any tree 
measurements can be made. Determine the dis- 
tance by either stadia or actual measurement 
with a tape from the instrument to the center of 
the tree at d.b.h. When using stadia, the 
horizontal scale shown in figure 23 is calibrated 
for | foot at 100 feet distance; therefore, when 
the distance is more or less than 100 feet, the 
stadia reading is a fraction or percent of 100. 
For example, if the instrument is 85 feet from 
the center of the tree, the stadia reading should 
be .85. Use this figure to calculate both the 
diameter and the height when the tree measure- 
ments are taken. Record the distance entry in 
the first FGRAD column of the dendrometry 
Sheet. To adjust this slope measurement for 
horizontal distance, the angle in degrees and 
minutes is entered in SINELV column. Exam- 
ple: 13 degrees 15 minutes is entered as 1315. It is 
not necessary to enter either a “+” or ‘“‘-” for 
this reading, but it can be done at the recorder’s 
option. 

When determining the distance by either 
stadia or actual measurement, measure along 
the line of sight from the instrument to the d.b.h. 
of the tree (i.e., slope distance). Calculate and 
use the horizontal distance with all other 
measurements taken up the tree. 

Determine the diameter by the number of 
vertical scribes along the center horizontal scale 
(figure 23). The scale is calibrated for .5 inch, 1 
inch, and 6 inches at 100 feet. The 6-inch scale is 
for ease of reading and counting the 1-inch 
scale. When determining the diameter of a tree, 
the l-inch scale is counted across the tree to the 
closest .5 inch. Record this figure in the 
FGRAD column as follows: 12 1-inch scales 
would be recorded as 12.5. The angle from the 
instrument to the measuring point on the tree is 


recorded in the SINELV column the same as 
discussed earlier; however, if the reading is “—” 


(minus), it must be entered in the first column of 


4] 


SINELV. Example: -1400. It is not necessary to 
enter a “+”, but it may be done if desired. 

Leaning trees are measured 90 degrees to 
the direction of the lean. Record the degree of 
lean in the TGRAD column to the nearest 
degree (no minutes). Calculate the correct 
length of segment and diameter from this entry. 

When a “+” is used in column 72 to in- 
dicate the instrument has been moved, or that a 
forked tree is involved, the distance from the 
tree must be established again by either measur- 
ing the actual distance or by stadia and entering 
the bearing (degrees) of line of sight from the in- 
strument to d.b.h. 

If the lean is recorded for the first set of 
numbers in a series, then the length of the first 
segment of wood is extended downward by the 
STXMOD program. This procedure is 
desirable for branches and forks. The program 
does not do this for the very first segment in a 
tree, as any lean in the first two wood segments 
are corrected by the two hand measurements. 
The length process can be overridden by 
recording a negative lean in the TGRADS 
(figure 29). 


The directions in the following paragraphs 
and figures 24 to 30, shown in ascending order 
of difficulty, give added emphasis to the prin- 
cipal points discussed earlier on the transit den- 
drometer. 

The stadia must be the first set of numbers 
for each series, 1.e., as the very first set of num- 
bers for any tree and as the first set of numbers 
following any “+” sign (column 72). Put the 
stadia reading (feet and hundredths) into the 
FGRADS, and the stadia angle (degrees in first 
3 columns; minutes in last 2 columns) into 
SINELV. A minus sign may be recorded in 
SINELV for any negative readings. The 
TGRADS are not used for the stadia. The im- 
plicit format for the stadia reading (FGRADS) 
is F4.1. The ‘‘6” in figure 26 could have been ex- 
plicitly recorded as “0.60” (feet and hun- 
dredths). 

The two hand measurements (stump and 
d.b.h.) are recorded and flagged with the -999 in 
TGRADS. (See figure 25; figure 28 has no hand 
measurement.) The FGRADS are used to 
record the diameter in terms of the number of 


vertical marks (as seen through the transit 
scope) that line up across the tree. Record these 
to the nearest 10th. (Again, the implicit format 
for any FGRADS is F4.1. Figure 26 shows the 
first dendrometer reading as 81, which is 8.1 ver- 
tical marks. The two hand mesurements corres- 
pond to 6.9 and 6.1 inches). 

The angle of the reading (not to be con- 
fused with the “‘lean”’) is recorded in SINELYV, 
degrees in the first three columns and minutes in 
the last two columns. A negative reading must 
be indicated with a minus (-) sign. 

Lean is recorded in the TGRADS. The 
lean pertains to the next piece of wood above the 
dendrometer reading. Corrections are made by 
the program for both the length and lower (i.e., 
larger) diameter of a leaning piece, and should 
be taken at a location where the lean exists (see 
figures 24A, 24B, 26, 27 and 29). In other words, 
the diameter recorded should be larger than the 
true diameter. 

The transit dendrometer measurements 
may be taken directly, with some minor calcula- 
tions done in the field. The horizontal distance 
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from the center of the tree to the instrument 
must be known and can also be determined by 
either stadia or actual measurements. However, 


the distance must be horizontal, or calculatedin — 


the field. 

Determine the diameter by reading the 
horizontal scale as discussed previously, and 
then multiply it by the distance. Example: 12.5x 
.85=10.6 inches. In addition to this, there is a 
diameter correction factor to allow for the 
added distance to the tree as the angle increases 
when measurements are taken up the tree. This 
factor is scribed on the vertical scale of the in- 
strument and is used to adjust the above reading 
(figures 22 and 32). For example, if the sighting 
angle was 20 percent (or 11° 30’), the ‘‘diameter 
correction factor’ would be “1.02”: then the 
corrected diameter is: 12.5 x 1.02 x .85 = 10.84 
inches. The height is determined from the “‘per- 
cent grade” scale multiplied by the distance. Ex- 
ample: 20 percent x .85=17.0 feet. (When using 
this procedure, you would not use the STX- 
MOD computer program or only make spot 
checks of the instrument readings.) 


Record here 


BDontrecord here 


Record here for lean 


—— 


Don't record here 


Figure 24A.-If a lean is recorded for the first set 
of numbers in a series, then the length of the first 
segment of wood is extended downward by the 
Program. This is desirable for branches and forks 
(see figure 27). 


Figure 22.-Scale drawing of Transit dendro- 
meter vertical circle showing the percent grade 
scale and the diameter factor scale. 


(—— Dendrometer reading 


Correction: Extension down to this loca- 
tion is same place as would be hand 
measured 


Figure 24B.-The process shown in figure 24A 


Figure 23.-The diameter and statia scale. The can be overridden by recording a negative lean in 

scale is 1 foot at 100 feet distance. the TGRADS. Figure 29 involved movement of 
the transit on a leaning tree. The “extension” 
downward was not applicable, so a -30 was 
recorded in the TGRADS instead of +30. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


2 Tree Data eC Rea 


Tree | Ht. or IE] os] 8 neha eto fem | vor 
shiolic ish _aifetSbeler “ solss © sale wa 


dec VEL id obtellld le 


42 XTRA 56 57 XTRB = 
Percent or CFl 
Volume Deduction Point No. 
73 76 77 80 


Dendrometry Data 
TREE NO. _J T GRADS F GRADS  SINELV GR LEAN 
deg. 


POR RIZe ia 
KIgigioP il. |7P | ist. bP] | 
tt et Et el tate Pyw|r 


CFI 
GROWTH POINT NO. 
73 76 77 80 


Cols. 1-4, 
73-80 are 
in every card. 


Sketch tree below 


For unseen material, total tree ht. 


unseen merch. length 


rate of taper 


Dendrometer set up: bearing distance 


Figure 25.-Example of transit dendrometer recordings of a normal tree, eq eree 


with first two sets of measurements being physical. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


: Tree Data en 


or 
lene Ore Beene * ot oh aes 


SF ler ee 


42 XTRA 56 57 XTRB 7 
Percent or Crt 

Volume Deduction Point No. 

73 76 Ue 80 


=——=ap Glue aueeese cece ceses Gse=o cseo S80ES ceo So Sem See = ae see SD SSE Ge GEE Gea GSES GED Ss ea 


Dendrometry Data 
TREE NO. _J TGRADS F GRADS  SINELV GR LEAN 


| deg. 

PUTT TT PT er = 
CFI 

mae et ISL rT | crown rowing 


EAnREMAA ZL 


Cols. 1-4, 
73-80 are 
in every card. 


Pier er Csieb er) COO food 


Sketch tree below Z : : 


aC A AEA i 


ERSECERnene 
PS Se ees sana ie 


PECE EERE Het 


For unseen material, tota! tree ht. ~ unseen merch. length rate of taper 


Dendrometer set up: bearing disiance 


2— To 1ce 
Figure 26.-Example of transit dendrometer recordings of a leaning tree, 


with first two sets of measurements being physical. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


$$$ ERE 


SAGER ct ae Tree ss 


Tree } Ht. or 
Vol. 


Percent or CFI | 
Volume Deduction Point No. | 
73 76 iat 80 | 


—es “Se See seem cee Sees cose Sou GSS SESE STE ers SUR Gee Ge Ga Ga Ge aasP Gee ess aoe ew ess == 


Dendrometry Data | 
TREE NO. J GRADS F GRADS SINELV GR 
| +o 


Cols. 1-4, 
73-80 are 
in every card. 


CFI 
GROWTH Om NO. 
73 76 80 


(TH) 


cere 
Pope 


For unseen material, total tree ht. 


unseen merch. length 


rate of taper 


Dendrometer set up: bearing distance 


2—78 CCRE 
Figure 27.-Example of transit dendrometer recordings of a forked tree, 


with the first two sets of measurements being physical. 
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Cols. 1-4, 
73-80 are 
in every card. 


For unseen material, total tree ht. 


Dendrometer set up: bearing 


SAMPLE TREE 
RECORDING SHEET FOR STX 


page = ed ee Tree Data DS hE a 


Tree | Ht. an t st —— 


oy 


Percent or CFi 
Volume Deduction Point No. 
73 76 TLL 80 


Dendrometry Data 


eee NO. ae T GRADS F GRADS’~ SINELV GR LEAN 


CFI 
GROWTH POINT NO. 
76 77 80 


Sketch tree below 


“tt yy fey lalat tot | 

eee We 
ECCHPELEPOGEP Pi 72 
PL leds iP ola 
clad ed Me fe 


rate of taper 


unseen merch. length 


distance 


2—78 CC 


Figure 28.-Example of transit dendrometer recordings of a tree where the 
instrument was moved, instrument was used from bottom to top. 
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SAMPLE TREE | 
RECORDING SHEET FOR STX | 


Tree eae a 


Percent or CFI 


Volume Deduction Point No. 
76 THU 80 


Lil 


Dendrometry Data 
TREE NO. .J 1 GRADS F GRADS  SINELV GR 


CFI 


GROWTH POINy NO. 
76 80 


Sketch tree below 


rate of taper 


unseen merch. length 


For unseen material, total tree ht. 


distance 


Dendrometer set up: bearing 


2-78 CG 


Figure 29.-Example of transit dendrometer recordings for a leaning tree where 
instrument was moved, with the first two sets of measurements being physical. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE _S=/0-27P7_ Tree Data 


Tee To [sh Wormper cece | 
id: = abies ee ee es ae 


Ay Sisley veel!) lol aly wat a ba 


42 XTRA 56 57 XTRB | 
Percent or GEil 
Volume Deduction Point No. 


76 UU 80 


nn Lid 


Dendrometry Data 
TREE NO. “ T GRADS F GRADS SINELV GR LEAN 
| 5 


PLL Plgisiel | [lelsh | 
Cols. |-4, Fl7izizislal. Wy] 13 Ena ae 
73-80 are 


ia 
"ee pat tte | ele ra alk) ees 


CFI 
GROWTH POINT NO. 
76 


PCC BEL bP bala e lee 
Pit Figig@ep Pl tt | tole 
Rae 


pCO CEP EEL eC 
eee eee ee 


rate of taper 


For unseen material, total tree ht. unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 30.-Example of transit dendrometer recording where the projection 
of Unseen Merchantable Material Option is used. 
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American Scale Relaskop (Option 5) 

Record in column 23 of tree data card. 

The Relaskop has proven to be a very ver- 
satile instrument, and provides good results 
when used as a dendrometer. In the TGRADS, 
the distance from the center of the tree to the in- 
strument is recorded in feet and tenths; this dis- 
tance is entered for each measurement (figure 
33). Figure 34 displays a printout of the data en- 
tered on figure 33. In the FGRADS, the num- 
ber of Relaskop units and tenths of units are en- 
tered as a diameter factor. The SINELV is a 
plus or minus figure from the percent scale and 
entered to the nearest tenth of unit with a 
decimal. The recorded decimal in the TGRADS 
and FGRADS is not necessary but does 
provide ease of reading. 


Determining Diameter 
The scale between “a” and “*b” on figure 35A 
and 35B is divided into six equal-width bars 
(three light and three dark). The projection of 


the distance “‘a’”’ to “b;”’ is equal to: 


1 foot (each bar 2 inches) at a horizontal 
distance of 33 feet. 

2 feet (each bar 4 inches) at a horizontal 
distance of 66 feet. 

3 feet (each bar 6 inches) at a horizontal 
distance of 99 feet. 

4 feet (each bar 8 inches) at a horizontal 
distance of 132 feet. 

The distance between “0” and “10” on the 
scale equals the distance between “a” and “‘b”’. 
Similarly, the distance between “10” and “a” 
equals the distance between “a” and “‘b’’. At 33 
feet, “a” to “b” intercepts 12 diameter inches. 
Thus, to measure the diameter of a tree with a 
d.b.h. of 34 inches, position the Relaskop 33 feet 
from the tree and set the “0” edge of the scale on 
the left bark edge of the tree. The scale “‘0” to 
“10” will intercept 12 diameter inches: “10” to 
“a” will intercept another 12 diameter inches 
and the right bark edge will align with the right 
edge of the fifth bar between “‘a” and “‘b” for 10 
more diameter inches. Total, 12 + 12 + 10=34 
inchers diameter. In this case, the diameter can 
be read to the nearest full bar between “a” and 
“‘b” (estimates may be made to the nearest tenth 
bar). 
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Figure 35A.- Figure 35B. —Lower part of 
Americanscales, Americanscale, enlarged to 
full view. show identification of 


graduations. 


By positioning the Relaskop at other dis- 
tances such as 66, 99, and 132 feet, different 
valuers apply. When using the STXMOD com- 
puter program, any distance that provides a 
good view of the tree bole is acceptable by enter- 
ing the distance in the TGRADS column for 
each measurement taken. 


Because the instrument is self-adjusting for 
change in slope, the diameter at any height 
above the ground may be determined without 
correcting for slope. An example of the 
Relaskop in use is given in figure 36. 


SAMPLE TREE 
RECORDING SHEET FOR STX 


soa Ve Ube = LG Tree el es CREW 


Tree Ht. or 
Tas [Mot EY com | 88% ae 


ee 


XTRA XTRB 
Percent or CFI 
Volume Deduction Point No. 
73 76 77 80 


cue oq me ee eee ee eee ee ee eee cee oe oi ieee ose ce ase cee ee o== 


Dendrometry Data 
TREE NO. Fi T GRADS F GRADS’ SINELV GR LEAN 
de 


CFI 


Cols |-4, GROWTH POINT NO. 
73-80 are 73 76 77 80 
in every card. >t See aS 


Sketch tree below 
6 


Be pe 


a a ee eee 
ptt ttt 


PEPE LEE et 


unseen merch. length rate of taper 


For unseen materia!, total tree ht. 


distance 


Dendrometer set up: bearing 


2-78 CC 


Figure 33.-Example of Relaskop Dendrometer recordings, measurements 
with instrument started from the stump. 
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Direct Reading Calipers 


100-foot Base Caliper (Option 6) 
Record in column 23 of tree data card. 


Some of the direct reading dendrometers are: 


Wheeler pentaprism caliper (figures 40-41) 

McClure mirror caliper 

Transit dendrometer (when field calculating 

is done) 

Tele-Relaskop (used when measurements are 

taken in the same unit as the instrument or 

conversion tables are used) 

Direct measurement, i.e., fallen or down trees 

1. Optical caliper readings. See figure 37. 

TGRADS - May be left blank when 100.0 
feet is assumed, otherwise enter the 
horizontal distance from the instrument to 
the center of the tree in feet and tenths of 
feet for each set of measurements taken 
(format F4.1). 

FGRADS - Enter the diameter in inches 
and tenths of inches as read from the direct 
reading caliper or the actual taped 
diameter (format F4.1). 

SINELV - Height measurements are en- 
tered as a percent reading for each segment 
in percent units and tenths; for reading 
below horizontal, enter a minus (-) 
preceding the reading (format F5.4). 
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2. Direct measurements of down trees 

TGRADS - Leave blank (100.0) feet is 
assumed). 

FGRADS - Taped or calipered diameter is 
entered in inches and tenths. 

SINELV - Length to each point of 
measurement from the base is entered in 
feet and tenths (format F5.4). 


The TGRADS (distance from instrument to 
tree) may vary from one trio of measurements 
to another as long as the height of the instru- 
ment (clinometer) does not vary. If the elevation 
of the clinometer does change, put a plus (+) in 
column 72 (TERM) of that card and start a new 
card. The first trio of measurements on the new 
card must be at the same point as the last 
measurements to form a new base (figures 37 
and 38). The computer output is shown in figure 


39. 


66-foot Base Caliper (Option 7) 

Record in column 23 of the tree data card. 
All procedures for option 7 are the same as for 
option 6, except the height is calculated on the 
basis of a 66-foot base. See figure 38. The com- 
puter output is shown in figure 39. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE OA ae Tree aah ee CREW 


Tree Ht. or * 
a Ee 


| Sao eae 


42 XTRA 56 57 XTRB 7 
Percent or CFI 

Volume Deduction Point No. 

73 76 TU 80 


Dendrometry Data 
TREE NO. ef T GRADS F GRADS SINELV GR LEAN 
| deg. 


eee ad 
Alo|. fo BEAR 


CFl 
GROWTH POINT NO. 
US) 6.) sti? 80 


Cols. 1-4, 
73-80 are 
in every card. 


oleh ebb aol Peto 
Beeb eb al ble 
Bik | elalel [ae 


Sketch tree below 


HES eRRh ene 
(1) EA nl Cs ad 


For unseen material, total tree ht. rate of taper 


unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 37.-Example of Direct Reading Caliper recordings using a 100 foot base (percent). 
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SAMPLE TREE 
RECORDING SHEET FOR 


ee indie ST Tree Data 


Tree Ht. or 
MS ssc al 


Tl aaableees Le aastel lal ee 


itcscuucewarn 
Percent or CFI 
Volume Deduction Point No. 
73 76 Ue 80 


qoeeep oe ee eee ee ee eee oe ee ee ooo oe owe cme eee ame cee eee ase oes 


Dendrometry Data 
TREE NO. J TGRADS F GRADS  SINELV GR LEAN 
| 


eee PEI? PPL 
Fol. lolajo|. Ish" [71 bb] Si7- 
SGROAGADURGMAGGE 
aoe (laf |3lo) lols iz) | 
710}. jo IZ lo}. bb E171 

fe bid ieee 
Zlol. ol | | Lab iad. bel hI 
dua) SRae 2h 


CFI 
GROWTH Fors NO. 
73 76 80 


Sketch tree below 


lO sk 72 
ABS RRR ess 
BERRA 
a 
PCH 


For unseen material, total tree ht. unseen merch. length rate of taper 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 38.-Example of Direct Reading Calipor recordings, using a 66-foot base (percent). 
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Figure 40.-Wheeler Penta-prism direct rea 


Figure 41.-Wheeler Penta-Prism in use. 
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Todis Dendrometer (Option 8) 

Record in column 23 of tree data card. See 
figures 42-46. 

TGRAD. - Measure slant range to tree heart 
(true coincidence). Read directly in meters if 
prism-pair range factor is 100, otherwise use ap- 
propriate factor and convert to meters. Record 
true range (henceforth called R) as TGRADS in 
meters and hundredths, omitting decimal point. 

FGRADS. - If an estimate of the tree d.o.b. 
along the line of sight lies between 4.8 and 31.5 
inches (80 cm base), remove prism-pair and 
measure the tree diameter directly in centimeters 
and tenths (false coincidence) (figures 45-46). 
Record d.o.b. as FGRADS in centimeters and 
tenths, omitting decimals. 

If the estimate of the tree d.o.b. does not lie 
between 4.8 and 31.5 inches, go to the accom- 
panying tables provided with the dendrometer 
and find a prism-pair that can fork the es- 
timated d.o.b. and allow for the sequence of 
lesser diameters likely to be encountered as den- 
drometry progresses up the tree. Other things 
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being equal, favor convergence behind the tree 
or negative convergence over convergence .be- 
tween the tree and the observer, and /arge range 
factors over small. If positive convergence is re- 
quired, insert prism-pair normally, but if 
negative convergence is needed, swap left and 
right; read F false coincidence in centimeters 
and tenths. 

If F was obtained by a prism-pair with range 
factor 100, record FGRADS in centimeters and 
tenths, omitting decimal point, as the absolute 
value (R — F) with positive convergence, or as 
(R + F) with negative convergence. 

If F was obtained by prism-pair with range 
factor (K), record FGRADS in centimeters and 
tenths, omitting the decimal point, as the ab- 
solute value (100/K) * (R - F) with positive 
convergence, or as (100/K) * (R + F) with 
negative convergence. 

SINELV. - Record the elevation angle in 
degrees and tenths as SINELV with an explicit 
decimal point and with depression angles 
preceeded by a minus sign. 


SAMPLE TREE 
RECORDING SHEET FOR STX 


eS See Tree Data SAA GD CREW | 


Tree Ht. or 
a ELS "etal = 
l 416 910 517 21123 36 38 pe 4l 


ra land eel oe 


Pepe. eel Rea 
Percent or CEI ) 
Volume Deduction Point No. 


73 76 UU 80 


Dendrometry Data 
TREE NO. J 7 GRADS F GRADS SINELV GR LEAN 
deg. 


lalla} lalvlel’ | [Y|. lefsiz | 
PT | | Pi vlglor | tt lelSir degwin Bente 
oe ee 73 76:70! Meee 
mle RS2eeeeee 

ef sesemeet ee teeE 
yizlolol lsislal’ i131. sfHw 
Hz lol" [alelsP Tal. [27 bo} 
-o eS a 


Cols. 1-4, 
73-80 are 
in every card. 


For unseen material, total tree ht. rate of taper 


unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 
Figure 42.-Example of Todis Dendrometer recordings, where instrument was 
moved to measure the upper portion of tree. 
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i da 45.-Todis dendrometer — changing one of the prism-pair. 
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Figure 46.-Todis dendrometer — removing one of the prisms. 
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Tele-Relaskop (Option 9) 


Record in column 23 of tree data card. See 
figure 48. The visible scale you see through the 
Tele-Relaskop eyehole is shown in figure 47. 
The upper rim of the scale picture is the measur- 
ing edge, along which all readings and measure- 
ments must be made. The width measure in- 
cludes four tacheometer units (4TU); on figure 
47 these are marked by brackets. One TU has a 
distance factor of Df=100 horizontal distance: 
width = 100:1. 


Figure 47.-The Four Tachymeter Units. 
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The four TU ranges on the scale key are 
marked as follows: from left to right, 4-3, 3-2, 2- 
1, each is divided from left to right into black 
and white bands; in pairs, these form a TU. The 
1-0 range is divided into 10 small bands to form 
tenths ofa TU. 


Horizontal Base Ruler 

The horizontal base ruler (figure 49) provides 
the value of each TU, depending on the dis- 
tance. The rule, which is 120 cm in length, is 
placed beside the tree at d.b.h. as shown in 
figure 51. Use as many full TUs as possible for 
better accuracy. In figure 51, all four TUs gavea 
reading of 56.5 cm; therefore, one TU is 56.5 + 
4 =14.12 cm. This value is called the Base 
Reading. 


If the Base Rule is not used, this value may be 
calculated from the actual measurement. The 
relationship of the scale is 100 to 1; therefore, if 
you were back a distance of 100 meters, the TU 
value would be 100 cm or | meter. Obviously, if 
you were back only 14.12 meters (or 46.3 feet) 
the TU value would be 14.12 cm (or 5.56 inches) 
as was determined in the example above. Obser- 
vations must be taken at 90 degrees to the lean 
because all calculations are based on the 
horizontal distance to the tree. The computer 
output is shown in figure 52 and the instrument 
in use is shown in figure 50. 


SAMPLE TREE 
RECORDING SHEET FOR STX 
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Figure 8@—Example of Tele-Relaskop dendrometer recordings of a 
normal tree, first two measurements are physical. 
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Figure 49. Eiforzontal Base Ruler, 120 cm vlong, used to determine 
the “TU” distance and diameter factor. 


Figure 50.-Tele-Relaskop dendrometer in use. 


Tele-Relaskop Measurements 

The tree must be measured from the left side 
so that the left, upper corner of the white bar 
coincides with the left edge of the tree, and the 
right side of the tree falls into the tenth field. 
Count first the full TUs to the left of “1”, then 
the remainder in the tenth bars, or the estimated 
fractions to the right of “1”. For the example 
shown in figure 48, the correct reading is 2.75 
TUs. 

TGRADS. - Determine the value of one 
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Figure 51.-Tele-Relaskop, visible scale. 
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Tacheometer Unit (TU) in centimeters as read 
from the range scale. Record centimeters and 
tenths as shown in figure 51. (format F4.1) 

FGRADS. - The number of Tacheometer 
Units (TU) that relate to the tree diameter 
recorded in TU and tenths (format F4.1). 

SINELV. - Percent height reading recorded 
as percent and tenths (format F5.1). 

Note: The program will convert the metric 
units to feet and inches or, with special options, 
will produce metric output. 
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SPECIAL DENDROMETRY 
PROCEDURES 


Many trees, because of unusual charac- 
teristics or other problems, require the use of 
special techniques, the most common of which 
are outlined below. Whenever there are likely to 
be questions arising during data processing or in 
remeasurement of permanent sample trees, the 
tree should be diagrammed in the space 
provided on the right side of the field sheet. 

When using any of the instruments, it is ad- 
visable to hand calculate a few measurements to 
make sure the instrument is being read properly. 
The Barr and Stroud dendrometer (model FP- 
15) has a convenient slide rule scale described by 
Mesavage (1968), which can be used as a quick 
field check. For all of the other instruments, 
hand calculations can be made in the field. 


Direct measurement at stump and d.b.h. — It is 
usually more convenient to measure diameters 
at the stump and d.b.h. directly, because the 
stump is often obscured by brush or grass and 
the measurement at d.b.h. has already been ob- 
tained, in many cases. Code the first TGRADS 
as -999 to indicate direct measurement; record 
the stump diameter in inches and tenths. Enter 
an explicit decimal point (S.I. units in cen- 
timeters and tenths) in FGRADS, and record 
the distance from the stump to d.b.h. in feet and 
tenths, with explicit decimal point (S.I. units in 
meters and tenths) recorded under SINELV. 
No grade is needed from the stump measure- 
ment, but will be ignored if entered. On the 
second line, TGRADS is left blank, and d.b.h. is 
recorded under FGRADS. Record the distance 
upwards to the first dendrometer measurement 
under SINELV. A stick of known length may 
be affixed to the trunk of the tree with its bottom 
at the d.b.h. mark to provide the distance and an 
aiming point for the dendrometer. Enter an ap- 
propriate log grade (GR) on this line for the sec- 
tion between the two diameter measurements. 


Unseen merchantable material in top. - One of 
the most common problems occurs when a 
Measurement cannot be obtained at the 
merchantable top. If this is the case, use the 


Al 


following procedures, listed in decreasing order 
of accuracy: 


1. If a reading can be obtained somewhere 
above the merchantable top, take a reading 
there. Determine the merchantabie top of the 
tree by interpolation. 

2. Take a dendrometer reading on the top of 
the tree. Code TGRADS and FGRADS as 
-999’s and record the SINELV of the top. 
Determine the merchantable top of the tree 
by interpolation. 


3. To obtain at least four uninterrupted den- 
drometer readings below the merchantable 
top, enter code | in the unseen material op- 
tion in column 25 of tree data card and -999 
in the FGRADS column following the last 
dendrometer measurement. The computer 
will project to the specified top diameter 
based on the taper and form of the tree. 
However, enter your best estimate of the 
total tree height, unseen material length, or 
rate of taper on the dendrometry data sheet 
in the remarks column as a check against this 
projection. Also, avoid taking the last den- 
drometer readings immediately below a 
whorl of limbs, as this often produces an ab- 
normally low or even negative rate of taper. 


4. If you are unable to obtain 4 uninterrupted 
measurements, enter a “2” in column 25 of 
the tree data card for the unseen material op- 
tion, and enter the estimated unseen 
merchantable length and rate of taper in the 
UML and UDT fields, respectively. 


Undefined merchantable top. — If the tree does 
not have a well-defined cutoff point and you 
cannot tell the point where it reaches the 
minimum merchantable diameter, take at least 
one set of readings above the merchantable top. 
Specify one of the interpolation options 
(column 26) to find the merchantable top. Of 
course, projection of measurements below the 
top may also be used, but may be somewhat less 
accurate. 


Undefined boundary between merchantability 
specifications. - Where the basis for merchan- 
tability of a product includes a minimum 
diameter, the boundary between two mer- 
chantability classes may be obscured or difficult 
to determine. This point may be found by inter- 
polation during processing by specifying the ap- 
propriate interpolation codes in column 26. For 
example, a tree section with its base larger than 
the minimum top diameter for sawtimber and 
its top smaller than the minimum top, could be 
split into two sections by interpolation: a saw- 
timber section from the bottom to the minimum 
top diameter and a pulpwood section above 
that. 


Measuring trees unsuitable for dendrometry. — 
Very small trees can be dendrometered, but it is 
usually much more convenient to measure them 
directly. Down trees must always be measured 
directly. Other types of dendrometers, such as 
the Wheeler pentaprism and McClure mirror 
calipers, or the Spiegel Relaskop may be used. 
They give direct readings of diameter and 
length. 

If direct measurements are taken, the type of 
measurement option should be coded “‘2”’, “6”, 
or “7’’. Refer to the discussion of the use of these 
dendrometer options. 


Leaning trees.—Trees leaning up to 15 degrees 
from the vetical can be dendrometered with lit- 
tle loss of accuracy in height measurements 
(about 3.5 percent). More steeply leaning trees 
can still be dendrometered, but the lean of the 
tree (in degrees from vertical) should be noted 
on the field sheet so the vertical measurements 
can be corrected. Also note any sections of a tree 
which are more than 15 degrees from the ver- 
tical and show the lean in degrees on the field 
sheet for later correction. Enter an estimated 
length of segments leaning more than 60 
degrees. Very steeply leaning trees can often be 
climbed and directly measured. Leaning seg- 
ments must be corrected by hand and the 
measurements repunched as direct readings 
when using all instruments except the transit 
dendrometer. The formula for correction is: 


Corrected length = uncorrected length + cosine 
angle of lean 
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Cull. — Show cull sections in otherwise sound 
trees by an appropriate grade code. In noncull 
sections which are known to be partly defective, 
the percentage or volume of unsound material 
can be entered in columns 73-76 of the tree data 
card (figure 5). The proper options must also be 
made on control card 10, columns 57 and 58. 

If volumes are desired for cull or other un- 
merchantable trees, they should be selected for 
dendrometry and measured in the same manner 
as other trees. These trees should be processed, 
however, as a separate stratum. If volumes are 
not needed, but number of trees and basal area 
are desired, exclude these trees from the 3-P 
sample, classes as sure-to-be-measured, and put 
an asterisk (*) in the TERM column of the tree 
data card. 


Forked trees. - Dendrometer measurements 
are taken up the stem of the tree until a fork oc- 
curs. See figure 53. A plus (+) sign is then en- 
tered in the TERM field to indicate that a new 
set of measurements begins on the next card. 
Then measure each fork and terminate the 
record with a plus sign except, of course, for the 
last, which should be terminated by an asterisk 
(*). The tallest fork should be recorded last. 
Dendrometer readings should be taken so that 
the volume in the crotch is not included twice 
(figure 53). Any fork for which a computer pro- 
jection to a merchantable top is desired must 
have at least four sets of measurements. (See 
Unseen merchantable material in top, method 3.) 


Moving the dendrometer. — Occasionally it is 
necessary to move the dendrometer for a better 
view of the tree. The instrument may be moved 
either up or down hill. The card containing the 
last measurement before the move should have 
a plus (+) sign entered in the TERM field. The 
dendrometer may then be moved to a new posi- 
tion. Take a new set of dendrometer readings at 
the last measured point to establish a new base. 
Measurements are then continued up the tree. 
Advantage may be taken of any truncations due 
to forks to move the dendrometer. In other 
words, the dendrometer may be moved 
whenever a plus sign has been entered in TERM 
and a new set of readings is about to begin. 

When using the Barr and Stroud and Todis 


dendrometers, a new distance need not be deter- 
mined, as the instrument has a built-in range 
finder. However, all other dendrometers require 
the input of the new distance to calculate height 
and, in some cases, diameter. 


8 — End of second series; 


enter “+” incolumn 72 11 — End of series and 


tree; enter “*” 
incolumn 72 


—10 - Dendrometer reading 


—7 — Dendrometer reading 


6 — Begin new series of meansurements On new card 


9 - Begin new series of 
measurements on new card 


5 — End of first series of 


measurements; 

enter “+” in column 72 
ae — Dendrometer reading 
3 — First dendrometer reading 


——2 - d.b.h. 


nace — Stump 


Figure 53.-Dendrometry of forked tree 


Remeasurement of dendrometry. — The den- 
drometer should be of the same type previously 
used and should be placed in approximately the 
same position as the last time, using the record- 
ed bearing and distance from the tree. If the 
stump and breast height diameters were 
measured directly the last time, they should also 
be measured directly this time. Aim the den- 
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drometer at the point where the first set of 
readings is to be taken, and record as before. 
However, it is not practical or necessary to find 
the exact point at which the dendrometer was 
set up the last time or the exact point on the tree 
bole, although it is helpful when comparing one 
inventory with another. 

Take readings at all the points where readings 
were taken the last time by identifying each 
previous SINELV reading on the instrument 
being used. You should then be looking at ap- 
proximately the same point as the last time. It 
may be necessary to move the instrument 
slightly up or down the tree to obtain a reading 
because of a slightly different instrument loca- 
tion or leaves, limbs, or moss which are now in 
the way. The new TGRADS, FGRADS, and 
SINELV readings are recorded and cross- 
checked with the readings last time. You may 
need to take additional dendrometer readings 
because of the growth in height of the tree or 
because of changes in merchantability stan- 
dards from the previous measurement. 

The tree’s frequency calculated by the 
program at the time of the first measurement 
should be recorded in XTRA. 


Ingrowth at remeasurement. — At the time that 
the permanent plot or point is installed for a 
CFI, information is gathered from the included 
submerchantable trees to provide ingrowth in- 
formation for the remeasurement update. Sub- 
merchantable trees are usually those that are 
less than pulpwood size or some similar product 
that is considered too small to measure in detail 
at this time, but will grow into the minimum 
merchantability class before the next update. 

The submerchantable trees are recorded us- 
ing the same format as discussed earlier under 
Tree Data. Enter an equal (=) signin column 11 
and an asterisk (*) in column 72. When this is 
done, only a frequency factor is calculated for 
this tree and printed in the DETAILED LOG 
AND/OR TREE REPORT. When the inven- 
tory is updated and the tree has grown into 
minimum merchantability, it is measured like 
any other sample tree with the frequency factor 
entered in XTRA so as to represent its propor- 
tionate share of the volume in the overall inven- 


tory. 


CONTROL CARDS FOR STX 


The program requires that 10 control cards (CC) precede the data, even if one or more of the cards are 
blank. It is through the use of these control cards that the user is provided the flexibility of several sampling i 
designs, data input, program output, statistics for multi-stage sampling, board foot volumes, product in- | 
terpolation and growth. The fields of the 10 control cards along with the format and variables occupying 
these fields follow. See figures 54 to 63. 
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Figure 54.-STXMOD Control Card 1. 


CONTROL CARDS FOR STXMOD 


Card Variable Statement 
column Entry on tally sheet name format 

1-4 Blank KREENO 14 

5-68 Name of sale or inventory job ALFATH 16A4 
69-72 Blank 4X 

73-76 Job identifier CDID A4 

77-80 Control card number (not read) 
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Figure 55.-STXMOD Control Card 2. 
Card Variable Statement 
column Entry on Tally Sheet name format 
1-4 Blank 4X 
5-16 Short identifier ADALFA 3A4 
17-43 Blank (see section on Barr and Stroud dendrometer) 
+45 Largest stratum number NSTR [2 
46-50 Value of KZ is used to generate 3-P random numbers list PRBS F5.0 
51-55 Value of K is used to generate 3-P random numbers list KQ [5 
56-64 Expansion factor for cruise inventory: IQ I9 


a. 1,0, or blank for pure 3-P sample (no point sampling). 
b. -1 for multistage designs where XTRA, XTRB, and/or 
CC 6is used. 
c. For point sampling design: 
Acres 
Number of plots BEN UO: 
Hectares 


eu Hectares 5 ? 
Number of plots Metric BAF* 1000 


d. When IQ's negative, the minus sign tells the program to 
goto XTRA and/or CC 6to be picked up as a multiplier, 
and to pick up XTRB as a divisor by tree. If nothing is entered 
in either CC 6, XTRA and/or XTRB, | is assumed. 


is 


Card 
column 
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66 


67 


68 


69 


70 


71 


2 
73-76 
77-80 


Entry on Tally Sheet 


Blank if input is in U.S. units; + if input is metric units. 

O or 1) input cards are punched for all trees including 
predicted (K PI) trees. CC3, CC4, CC7, and CC8 

must be left blank. 

2) input cards are punched for sample trees only - complete 
CG@3;€C4 CCT and CEs! 

3) like 1, but adds frequency balancing, as discussed by 
Grosenbaugh (1974) 

4) like 2, but adds frequency balancing, op. cit. 

0 or 1) processing will stop after the program has calculated 
and printed the preliminary report. 

2) processing will continue if no fatal errors occur. 

0 or 1) no individual tree detail will be printed. 

2) individual tree detail will be printed. 

3) individual tree and tree segment detail will be printed. 

0 or 1) no detail cards will be punched as part of the output. 
2) tree detail cards will be punched as part of the output. 

0 or 1) no log and tree detail will be written on tape for later 
grade yield and realization processing. 

2) log and tree detail will be written on tape and will be 
processed if no fatal errors have occurred, but subtotals only 
will be printed. 

3) same as 2 above, but prints sorted individual log detail 
before class-grade subtotal. 

4) same as 2 above, but prints within tree sorted subtotals 
before class-grade subtotals. 

5) like 2 above, but prints within tree sorted subtotals before 
full sorted log detail. 

6) prints within tree sorted subtotals, but omits full log sorts. 
0) no further processing. 

1-9) not more than this indicated number of sets of conver- 
sion co-efficients will be searched to convert subtotals to 
product out-turn and realization values. 

Blank 

Blank or job identifier 

Control card number 


76 


Variable 
name 


JZ 
CS1 


LS2 


LS3 


LS4 


LS5 


LS6 


(not read) 
(not read) 
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format 
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Figure 56.-STXMOD Control Card 3. Enter the total number of trees in each stratum when the job op- 
tion LS1 equals 2 or 4. This card will be blank when LS1 equals 1 or 3. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns each. Show the total tree JN) 918 

count in each stratum. 
73-76 Blank or job identifier (not read) 
77-80 Control card number (not read) 


When LS1 equals | or 3 the computer counts the number of 
NN + NS + NR for each stratum and prints this value. 


3 
When LS1 equals 2 or 4 the count of ) (NN+NS+NR) 
for each stratum must be entered by the user in the stratum 
field. 


Where: 
NN = Pre-3P-selected trees (sure-to-be-measured) 
NS = 3P-selected trees 
NR = 3P-rejected trees 


WG. 
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Figure 57.-STXMOD Control Card 4. - Enter the aggregate predictions for the trees in each stratum | 
when the job option LS1 equals 2 or 4. This card will be blank when LS1 equals 1 or 3. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns each. Show the aggregate K P(I) 918 


predictions in each stratum. This card is blank if CC2, 
column 66, is 1 or 3. | 


73-76 Blank or job identifier number (not read) 
77-80 Control card number (not read) 


When LS1 equals 1 or 3, the computer sums 


NN NS NR 
> KPI + >: KPI + >’ KPI for each stratum and prints 
this value. 


When LS! equals 2 or 4, the sum of 

NN NS NR 

> KPI + >’ KPI + > KPI foreach stratum 
must be entered by the user in the stratum field 
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Figure 58.-STXMOD Control Card 5. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns WV(I) 918 


each. Show the relative value within 
each stratum. Card is left blank unless strata differ in va/ue 


per unit of volume. 
73-76 Blank or job identifier. (not read) 
77-80 Control card number (not read) 
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Figure 59.-STXMOD Control Card 6. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns each. Show the blowup ASX 12(I,9) 9F8.0 


or correction factor for each stratum when IQ (CC2, column 
56-64) is negative. If all strata have the same blowup factor, 
enter in columns | to 8 (only) as a negative figure. 


73-76 Blank or job identifier. ) (not read) 


77-80 Control card number (not read) 
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Figure 60.-STXMOD Control Card 7. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns each. Show the weights for ASX 12(1,11) 9F8.0 
each stratum (program computed when option | or 3 is used 
on CC2, column 66.) 
73-76 Blank or job identifier. (not read) 
77-80 Control card number (not read) 


When LS1 equals | or 3 the values are program computed as follows: 


NN XTRA NS XTRA NR X@RA 
= * — SSS <TR R*PBI 
CC7 = CC6 > XTRB*PBI + >. XTRB*PBI + > XTRB*PBI 


When LS1 equals 2 or 4, this card may be left blank for 
simple 3-P sampling, or enter the values that were program 
computed from a previous run when doing multistage 
sampling. 
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Figure 61.-STXMOD Control Card 8. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns each. The same as CC4 (but ASX(I,12) 9F8.0 


weighted) if option is 2 or 4on CC2, column 66 weights for 
each stratum are program computed when option is | or 3 on 
CC2, column 66. In this case, CC8 is left blank. 
73-76 Blank or job identifier (not read) 


77-80 Control card number. (not read) 


When LS1 equals | or 3, the values are program computed as follows: 


NN NS NR * 
FE s XTRA*KPI XTRA*KPI XTRA*KPI 
CC8 = CC6 > XTRB +.) > XTRE >) OGRE 


When LS1 equals 2 or 4, the values are the same as those 
entered in CC4 when using simple 3-P sampling, or enter 
the values that were program computed from a previous run 
when doing multi-stage sampling. 
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Figure 62.-STXMOD Control Card 9. 


Card Variable Statement 
column Entry on Tally Sheet name format 
1-72 Use nine fields of eight columns each when first-stage statistics IPLOTS(1) 9F8.0 


are desired. For multistage cruises, enter the actual number 
of plots as a negative figure (columns 1-8) if the first stage 

is not stratified. If the first stage is stratified, enter the number 
of plots per stratum as a positive figure. 


73-76 Blank or job identifier. (not read) 


77-80 Control card number. (not read) 
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Figure 63.-STXMOD Control Card 10. 


Card Variable 
column Entry on Tally Sheet name 
1 Bark deduction: NOBARK 


0, blank. deduct bark, either input or program computed. 
1, no bark deductions will be made. 


2 Write board foot reports: | IBFR 
0, blank. None. 
1, log and tree report. 
2, log and tree report plug log distribution tables. 


3 Punch board-foot log and tree summary cards: IBD 
0, blank; no cards are punched. 
1, board-foot log cards 
2, board-foot tree cards 
3, punch both types of cards 


4 Write stand table: ISTN 
0, blank, no 
1, yes. Note: A stand table will not be produced unless CC 10, 
column 60, is 0, blank, or 1. 
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Statement 
format 


Il 


Il 


Il 


Il 


6-10 


11-15 


16-20 


21-23 


24-25 


26-30 


31-35 


36-40 


41-45 


46-50 


51-55 


56 


57 


58 


Entry on Tally Sheet 


Write stock table: 

0, blank, none 

1, cubic feet (cubic meters) 

2, board feet 

3, both. Note. Cubic-foot (meter) stock tables will be 
produced only if CC2, column 70, is punched 2, 3, 4, 5, or 6. 


Maximum scaling length for logs in feet and tenths (meters 
and tenths). 


Trim allowance for logs in feet and tenths (meters 
and tenths). 


Minimum log length to be scaled. Sections shorter than this 
will be disregarded. Use feet and tenths (meters) and tenths). 


Blank 


Product (grade) code for the product to be divided into logs 
and scaled. 


Largest sample-plot number recorded. If blank or 0, no first- 
stage sampling statistics will be calculated. 


Terminating (top) diameter outside bark for interpolation. 
Intermediate diameter outside bark for interpolation. 
Terminating (top) diameter inside bark for interpolation. 
Intermediate diameter inside bark for interpolation. 


Minimum fixed top diameter for projection. If blank or 0, 
45% d.b.h. will be used. 


Blank 


Type of defect deductions: 
0, blank no deduction 

1, percent deduction 

2, volume deduction 


Defect deduction applies to: 
1, International % inch rule 
2, Scribner rule 
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Variable 
name 


ISTK 


BL 


TR 


AML 


IST 


JPLOTS 


PLPDOB 


SAWDOB 


PLPDIB 


SAWDIB 


DPROJ 


IDED 


ITD 


Statement 
format 


Il 


F5.1 


Il 


Il 


Card 
column 


59 


60 


61-63 


64-65 


69-70 


66-68 


71-72 


73-76 


77-80 


If any of the 10control card variables are not needed, they may be left blank. 


Entry on Tally Sheet 


3, Doyle rule 
4, cubic feet (meters) 


Blank 


Growth projection method 

0, blank; no growth or product change 

1, change products 

2, add two times growth 

3, add two times growth, and change products 

4, subtract two times growth 

5, subtract two times growth, and change products 


Blank 

These two entries of grade provide for two product codes for 
diameters greater than midpoint diameter that should not be 
changed when the above options of 1, 3, or 5 are used. 

Blank 

Blank 


Blank or job identifier 


Control card number 
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Variable 
name 


IGROW 


IXX 
IPL 


(not read) 


(not read) 


Statement 
format 


3X 


P2 


A2 


3X 


2X 


SPECIAL CRUISES 


The use of IQ (CC2), CC6, XTRA and 
XTRB provide several alternatives of sample 
design to the user. One or all of these variables 
may be used at the same time. Following are 
some suggested uses. 


1. Simple 3-P sample: A situation where all 
trees in the population are volume predicted, 
(i.e, a 100 percent tree mark with 3-P 


sample) 

IQ = || 

LS1 = 2(CC2, column 66) 

CC3 = Number of trees estimated 


CC4 = Aggregate of predictions (board 
feet, cubic feet, or cubic meters of 


the marked trees) 

CC5 = Blank 

CC6 = Blank 

CC7 = Number of trees estimated (same 
as CC3) 

CC8 = Aggregate of prediction (same as 
CC4) 

XTRA = Blank 

XTRB = Blank 


INS 


Simple 3-P sample with blow-up factor: A 
situation where all trees have been marked, 
and fixed-area: plots are installed to deter- 
mine the marked volume per acre. A 3-P sub- 
sample is selected from the plot-selected 


trees. 

IQ = -| 

LS1 = | (CC2, column 66) CC3, CC4, 
CC7, CC8 are blank 

CC6 = = Total area in tract/acres in plots 


Record volume and d.b.h. for all trees in- 
cluded on the plots on the tree data sheet 


(figure 3). 
XTRA = Blank 
XTRB = Blank 


io) 


. A point sample cruise with equal point dis- 
tribution for all timber typers using the same 
BAF prism with a 3-P selected subsample. 


IQ = BAF*100* total area/number of 
points. 
LS1 = 1 


— 
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Nn 


CE3UCEF CCE. CC7, CC8'= Blank: 
XTRA = Blank 
XTRRB = Blank 


A point sample cruise with two or more 
strata with a different relationship of area per 
point with a 3-P selected subsample. 


IQ = -BAF*100 

LS1 = | 

CC3, CC4, CC7, CC8 = Blank 

CC6 =area of each stratum/points in 
each stratum 

XTRA = Blank 

XTRB = Blank 


. A cruise using point-selected trees of dif- 


ferent BAF for each stratum where area per 
point is the same for all strata. 


IQ = -BAF*100* area per point, where 
BAF is that of the lowest factor 
used. 

LS1 = | 


CC6 = Enter “1” in the lower BAF 
stratum. Entries in each of the 
other strata will be the result of its 
BAF divided by the lowest BAF 

XTRA = Blank 

XTRB = Blank 


Example: 

Stratum | has BAF of 20 
Stratum 2 has BAF of 10 
Stratum 3 has BAF of 30 


In CC6 enter 2in columns 1-8 
enter 1 in columns 9-16 
enter 3 in columns 17-24 


A point sample cruise with two or more 
strata with a different relationship of area per 
point, and using a different BAF for pole and 
mature sized trees with a 3-P selected 
subsample. 


IQ = -100 

LS1 = | 

CC3, CC4, CC7, CC8 = Blank 

CC6 =area of each stratum/points in 
each stratum 


XTRA = BAF used for point selected tree 


XTRB 


= Blank 


The six preceding sample designs are a few ex- 
amples of how these variables may be used. 
Because each inventory of cruise presents a dif- 
ferent situation, no attempt has been made to 
cover all the possibilities. Some general notes on 
sample design variables may be useful. 


IQ 


CC6 


XTRA 


= When IQ is greater than 1, or 
blank, CC6, XTRA, and XTRB are 
program-transformed to positive 
unity, or equal to 1. Simple 3-P 
designs use this option with LS1 
equal to | when all predicted values 
are entered on three cards, or LS1 
equals 2 when the aggregate of the 
predicted values is entered from 
CC3, CC4, CC7, and CC8. 


When IQ is +1, a wide variety of 
designs that do not employ horizon- 
tal point-sampling may be used, 
such as inventory remeasurement 
where predetermined frequency fac- 
tors for trees are used in XTRA or as 
blowup factors on CC6 for each 
stratum. 


When IQ is either more or less than 
one, it becomes a constant multiplier 
for horizontal point sampling. (QI 
equals IQ/100 for US units, QI 
equals IQ/1000 for metric units.) IQ 
is used in this manner for a wide 
range of multistage designs and is a 
multiplier for all trees and strata that 
follow. 

= This variable is used only when 
IQ is negative and is a constant for 
all trees in a given stratum (it may 
vary for each of the nine stratum) 
that appears in frequency computa- 
tions whether or not point sampling 
is involved. 

= This variable is a multiplier when 
IQ is a negative variable that may 
vary from tree to tree, and applies 
only to the tree against which it is en- 
tered. XTRA may be the product of 
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XTRB 


several factors acting together, such 
as BAF, slope, slopover correction 
factors used in point sampling or 
direct input of population frequency 
represented by the sample tree from 
earlier computation. XTRA 
becomes especially useful for 
periodic updating of an inventory. 

= This variable is a divisor when IQ 
is a negative variable that may vary 
from tree to tree, but XTRB applies 
only to the tree against which it is en- 
tered. It also may be the product of 
several divisors acting together. For 
each relative probability, a 
corresponding factor must be pres- 
ent in CC6 to convert relative 
probabilities to absolute. XTRB is 
particularly important for many of 
the multistage sampling designs not 
included in this paper. 


COMMON ERRORS OF INPUT DATA 


The crew should make a field audit of the 
STX sheet before leaving the tree. Following is a 
partial list of items to check: 


1. A prediction greater than the largest random 
number indicates a sure-to-measure tree. 
(Check all predictions on multistage cruise). 

2. The tree and/or plot number should be the 
same on tree card and dendrometer cards. 

3. Besure the symbols (=) or (*) are recorded in 
column 11, for a sample tree. (An asterisk, 
(*), must be in column 72 or dendrometer 
cards must follow). 

4. The plus symbol (+) should be recorded in 


column 72. The “+” is only used on a forked 
tree or when the dendrometer is moved. The 
next. reading must be on a base and start on 
the next card. 

5. Be sure an asterisk (*) is recorded in column 
72 of the last card. 

6. Is the GR column filled out? If you want a 
board-foot volume printout, all sawtimber 
must be recorded using the same grade code 
specified in columns 24 and 25 of CC10. 

7. Column 25 of the tree card continuation 
should be properly coded for forked trees if 
there are less than four uninterrupted 
measurements. 


DIAGNOSTICS AND ERRORS 


Error messages resulting from input data 
found by STX subroutine ST11. NERR in the 
output indicates the type of error (figure 64). 


ST11 
Octal 


1 Data deck jumbled or mispunched (sam- 
pling class - column 11 - not =, *, or 
blank). 

2 Data deck jumbled, tree card mispunched 
or out of order, or previous TERM not 


6699 


Probable cause of error 


3. Errors 1 and2 

4 Tree stratum greater than maximum 
number of strata listed on control card 2. 
Errors | and4 

Errors 2 and 4 

Errors 1, 2, and 4 

DBH (column 17-21) omitted and ab- 
solute value of CC2 column 56-64 greater 
than 1. (Variable plot). 

Prediction greater than maximum 
specified on control card 2, less than or 
equal to 0, or omitted and sampling class 
not “= 
Sampling class is blank, indicating a 
predicted only tree, but first STX job op- 
tion is 2 or 4. (CC2 column 66). 


N 
oe ome) 


100 


39 
. 


200 


89 


400 Inappropriate units of measure. Column 
65 on the second control card and column 
22 on each tree card should be blank for 
U.S. units and a plus symbol (+) used for 


metric measurements. 
500 Errors 100 and 400. 
600 Errors 200 and 400. 
700 Errors 100, 200 and 400. 


An example of some of these error messages is 
given in figure 76. 


Examples of some of these errors are also given 
in the following list. Error messages are printed 
for errors encountered by subroutine ST22. 


ST22 
errorcode Probable cause of error 

1 Implies a negative diameter was recorded 
arising from a faulty, unseen length pro- 
jection. 

2 Implies a machine error in failing to 
branch properly on the symbols +, *, or 
for spaces left blank, or failure to copy 
these symbols correctly from the input 
tape. 

3 Implies a negative length was recorded 
because of faulty dendrometry (progress- 
ing from top to stump, etc.), faulty 


punching, or faulty unseen length projec- 6 Implies machine error in failing to branch 


tion. (A downward progression must be properly on a sure-to-be-measured tree or 
repunched in an upward progression.) in earlier failure to detect faulty data with 
4 Implies a disarranged data deck or faulty a sample tree having a blank, zero, or 
punching. Failure to punch a terminal negative prediction larger than the value 
asterisk can cause this error, as can varia- specified in CC2, columns 51 to 55. 
tions in tree card numbers (caused by 7 Implies an inadequate number of 
faulty punching) within tree sequence. measured diameters were recorded for 
The most common cause is failure to bein projection computations (There must be 
arithmetic progression with a unit inter- at least four diameter measurements 
val starting with zero. when column 25 of the tree card is 
5 Implies an earlier machine error (in ST11) punched with code 2, and at least two 
resulting in failure to detect faulty data diameter measurements must be recorded 
with a stratum number larger than the without any projection at all). 
maximum specified on the second control 
card. 


THE YNTERPRETATION UF MEANINGLESS INPUT WAS ATTEMPTED, 

THE FOLLOWING RECURD IS ERRUNEQDUS OR DOES NOT CURRESPUND TQ) FURMAT SPECIFICATIONS: 
a4 =99911985 3.5 17,2 4,.5ST 459 81181015ST 465 756 u710S7T e/ ] 
1/0 CALLEN AT SEQUENCE NUMBER 900374 (FF STII 


THE INTERPRETATION WF MEANINGLESS INPUT WAS ATTEMPTED, 

THE FOLLOWING RECORD IS FRRUNENUS OR DOES NG? CORRESPUND TO FURMAT SPECIFICATIONS? 

0007 00351*R815 90105 12 09006 100001 
T/O0 CALLED AT SFGIIENCF NUMRER 000040 AF STII 


ERRIRS ENCIIUNTFREN TN ENITT OF TREE CARDS eo 


NERR = 4 JON6 =s TEST 

TREE NIIMBER % PLY NUMbER 4 CARD NUMBER U PREDICTION 55 VALUE STRATUM 2 
SAMPLING CLASS *® TER™ PREVIUUS TREE NUMBER 1 

NERR = Pxg) JOB = TEST 

TREF NUMBER G4 PLIIT NUMRER 1 CARD NUMBERK-0 PREDICTINN 8S VALUE STRATUM 1 
SAMP|L TNR FLASS * TERM PREVIUUS TREF NUMBER 0 

NFRR = 100 Jw = TEST 

TREE NUMHER 1 PLOT NUMBER 3 CARD NUMBER 0 PREDICTION 1t00 VALUE STRATUM j{ 
SAMPLING CLASS * TERM PREYVIUNS TREE NUMBER 1 


Figure 64.—Printout of error messages encountered in ST11. 
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After printing any of these seven error 
messages, ST22 will continue to process and 
print individual tree data. Further summariza- 
tion or processing is suppressed (after 25 error 
messages or misarrayed cards), but ST33 
produces a summary printout for data process- 
ing statistics, page number of which is always 
zero. (refer page 118.) This printout contains 
two messages, one showing the number of input 
flaws that blocked processing a second identify- 
ing, by tree number and plot number, sample 
trees containing suspicious data. Input data and 
outputs for these trees should be closely ex- 
amined. Reasons for suspicion are lack of 
recorded d.b.h. (the program uses the second set 
of dendrometer measurements as a substitute, 
but omits the tree from summaries of basal 
area); a population frequency of one or less for a 
3-P sample tree (no sample drawn without 
replacement can represent less than itself, a tree 
with F = | should be a sure-to-be-measured 
tree); or an upper d.o.b. more than 0.5 inch (1 
cm) larger than its next lower d.o.b. 

The amounts of input and processing done 
before encountering fatal flaws is helpful in 
verifying that the same number of tree cards was 
read by ST11 and ST22 and that later process- 
ing was completed for all measured trees. 
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APPENDIX 1.- ORGANIZATION OF SUBROUTINES IN STXMOD 


The STXMOD computer program is made up of 28 subroutines; when they 
are overlayed they are structured as indicated in figure 65. 


SBRD 

DLIN 

OPCL 

OPFK 

OTHR 

GROW FFH3 
GAPP INTR 
FFS3 FFB3 
FFV3 

LOGS 

BALF 


STX 
BLD* 


STAN 
BTAB 


Figure 65.-Subroutines for the STXMOD computer program. 


*Block data subprogram 


Sub- 
routine 


STX 


BLD 


REE 


PREP 


PROD 


STAN 


BTAB 


ST il 


S122 


ST33 


BRPT 


VSRT 
SUBT 


ST44 


APPENDIX 2. - DESCRIPTION OF SUBROUTINES IN STXMOD 


Purpose 


Executes the program for 3-P sample 
tree measurement computations; 
reads the first two control cards. 


Provides the block data deck for 
setting up constants needed by STX. 


Does probability and geometric 
calculations; summarizes basic pop- 
ulation statistics. 


Sorts log data. 


Produces grade-yield, product out- 
turn and realization reports. 


Produces stand tables by class. 


Produces board-foot log distributions 
and stock tables. 


Edits input; accumulates the popula- 
tion frequency and relative 
probability for each tree-sampling 
category. 


Edits the sample-tree portion of the 
input; calculates log and tree V.S.L., 
frequency, basal area, predictions and 
quantities for the sampling error. 
Prints out a detailed tree and log 
report. 


Combines aggregrate population es- 
timates; computes the sampling error; 
and prints a summary report. 


Writes the board-foot log and tree 
report. 


Sort-merge subroutine. 


Subtotals V.S.L. 


Converts V.S.L. to grade yield, 
product outturn or realizations. 


95 


Sub- 
routine 


SBRD 


DLIN 


OPCL 


OPFK 


OTHR 


GROW 


GAPP 


FFS3 


FFV3 


LOGS 


BALF 


BEE 


INTR 


FFB3 


Purpose 


Converts Barr and Stroud den- 
drometer readings to diameter, eleva- 
tion and range in ST22. 


Converts linear measurements to 
diameter, elevation and range in 
ST22. 


Processes 
measurements. 


optical caliper 


Processes optical fork measurements. 


Executes any user-developed sub- 
routine to process dendrometer 
readings. 


Predicts past or future upper-stem 
diameters using a radial increment. 


Supplies missing tree-variables for 
ST22: reduces measurements for 
bark; projects figures for unmeasured 
upper stems. . 


Executes any user-developed function 
for the uppermost surface area. 


Executes any user-developed function 
for uppermost volume. 


Divides tree measurements into logs 
by interpolation. 


Does frequency balancing. 

Executes any user-developed function 
for the unseen length from seen part 
of a tree. 

Interpolates to specific diameters. 
Executes the use and developed func- 


tions for bark; calculates d.i.b. with 
bark model #3 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


Se 2 Tree lh SS CREW 


Tree Ht. or 
Te | Met [AP] com | oe 
als aie : TEReee = 


op Psa 2ee RS 0 RO 


Mee itshisicieiilt 
Percent or CFI 

Volume Deduction Point No. 

73 76 UOUL 80 


op com ee eee ee ee eee ee ee oe eo oe ee i ose ee eee cee ese =, 


Dendrometry Data 
TREE NO. J GRADS F GRADS  SINELV GR LEAN 
| deg. 


PTT let TART fof Joh | 
Cols. 1-4, maa eh 
3 


CFI 
os ae OINT NO. 


es ee 


eS ee ee 
5 
BEES SRT ree e eee 


For unseen material, total tree ht. 


unseen merch. length rate of taper 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 67.-Sample recording sheet and dendrometry data for tree number 1, in figure 66. 


SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE Lule Cam aa Se VA Oi a Tree ae _ = PES CREW 


Tree Ht. or 


ee eee 


42 SUN 56 57 SUE 71 | 
Percent or GF 
Volume Deduction Point No. 
73 76 77 80 
even 
Dendrometry Data 
TREE NO. J T GRADS F GRADS SINELV GR LEAN 
| 5 deg. | 
Cols. 1-4, CFI : 


73-80 are Chow POINT NO. 


d L. te Au ; 
nevery card. FF JAS REORRNSRhe ohes 


Ce a ale 
Pe aE Tee 


rate of taper 


For unseen material, total tree ht. unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 68.-Sample recording sheet and dendrometry data for tree number 2, in figure 66. 
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SAMPLE TREE 
| RECORDING SHEET FOR STX 


—— Tree Data Se ros CREW 


Tree | Ht. or a 


ele eer ee 


42 XTRA 56 57 XTRB 7 
Percent or CFI 
Volume Deduction Point No. 
TAS) 76 ag 80 
nm 
Dendrometry Data 
INES NO. ae T GRADS F GRADS SINELV GR LEAN 
deg. 
PTT | fale [At fol fo 
Siena pe let toh | tot G3 al al GROWTH | aie NO. 
eee SeROCenenGAsaee 73 
Pease oie isha ls MIneEe 
PTT tel VE islef bey Sketch tree below 
Se Riah el 
| 
| 
| Nani wae 
) PCCCRCCCELEPLe 
| 
| For unseen material, total tree ht. unseen merch. length rate of taper 
Dendrometer set up: bearing distance 
2-78 CC 


Figure 69.-Sample recording sheet and dentrometry data for tree number 3, in figure 66. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE Oe VOR LAT S¥~/0-2F Tree Data g 8B 


Tree Ht. or 
a a coe 
se hile & sles elt lM aan a 


eter arith ais 


42 XTRA 56 57 XTRB 7 
Percent or CFI 

Volume Deduction Point No. 

73 76 77 80 


~—_e es ae cae eee GeSED cee cee coe ceo ame coe sees ome ase =P eas = 


Dendrometry Data 
TREE NO. s T GRADS F GRADS SINELV GR LEAN 
| 


PWlolel Talat lel oF 
riolel IalvlebloleeISISIr| crown zie 
Pi izk Ile y|islelstslrbe 7 . 


Pil" Zi i2Pslel si 3iSir 1 SBE 
Pi¥{slol" [elel/ {7 gol sist siz! Sketch tree as 
Fs a oe a oS 


2 


Cols. 1-4, 
73-80 are 
in every card. 


Pisa P lelsisPlels[7 er 
Pisislol"[siziatilalviab Fl 
SADA AR ey bel 
aeeauG 
PCOCECEEPLE PE 
POEL PLT eT 
alaieehslsie <7 
PCCPLCLELE LTP 


For unseen material, total tree ht. 


unseen merch. length 


rate of taper 


Dendrometer set up: bearing distance 


2—-7A8 CC 


Figure 71.-Sample recording sheet and dendrometry data obtained for upper portion of stem, in figure 
70. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


Pe ee Tree = Go —— CREW 


Tree Ht. or x 
LM EL om oe etal Rid 


a alt lnedl eh eee ci ol isl 3 


42 XTRA 56 57 XTRB 7 
Percent or GF 

Volume Deduction Point No. 

Ue 76 77 80 


Dendrometry Data 
TREE NO. a T GRADS F GRADS SINELV GR LEAN 
| deg. 


CFI 
GROWTH POINT NO. 
77 


73 76 80 
ee 7S) Saal 


Sketch tree below 


ho RS 


Sst belie sate A 
Pslaley lel ol? | 2ié lo ftw 
PIZISIST Ie lols is 3 2hsi7 lal 


BERS SERS 
Bet aeas es CSB a Mie 
Piel TP a Sle TRS al ede ae 
MSZ I Lal 7137 at ol Aol? | 
pri} 74 feet St tele 
de RE Soe Tee 
PCCP ECE 


rate of taper 


For unseen material, total tree ht. unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 
Figure 72.-Sample recording sheet and dendrometry data obtained for forked tree, in figure 70. ! 
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“DENDROMETRY EXAMPLES AND OPTIONS TEST PaGE 10 
CRC 8=04=80 2 400, 160 15467 123020 

| DETAILED LOG AND/OR TREE REPORT 

ee ee 8 8 38 oes BSS BSS ASSESS SS SSS SSS SSS ES SBS ES SSS SSS SS SSR SSSSSSSSBSSSESSS=SEES 

‘TREES VOLUME / SURFACE / LENGTH 7 DIB / LOG/RANGE/ INSTRUMENT READINGS 
NO./ CUeFTe 4 SQeFTe / Fle 4 INe /CODES FTIe/ TGRADS FGRADS SINELV 


(SSSSHSSS SSP SS SST SSS RT SSS SSSSSISSSSSTSESSSSSSSSTSSSSS SS SSS SSESASSsSSsISERSESSSEqcq 

1.8 1302 726 5.8 Pw 91el 1.9 628] 03145 
0 Pa] 09 704 Pw 88el 1.? 9.08 e2630 
| 1.8 11-8 603 629 PW 90e4 leo B8e2] 03100 
| 00 00 00 7.5 PW 87¢9 Lee... Gels ©2815 
04 204 lel 728 ST 79.5 20 10.50 02330 
4.7 2504 11-0 Be4 ST 7901 Pa) 11240 02245 
| 11.9 5863 22eT 9.2 ST 75.5 00 13020 e1500 
| 3e3 12¢8 420 1024 ST 73e0 Pat 15250 =20230 

Gel 13e5 325 14.0 ST eV 09 35060 4.00090 
| Pa) Pat 20 15.5 ae) “99.9 17250 325000 
| SOP SFO OSS V KOS BS Kes SSF SSC SSFFSKSS SS @SQSVSAFSEVBSVISsF— SVS STS 4G SSV@QFVOV eo CSF TFs SsoaV®a Qe CBI KS@QVOIOsTA_e aw 
2 SUMS 28,0 13704 56.3 / 1566 = DeBeH. FREQUENCY = 116.528 


PREDICTION = 95 DeBeTe = 1260 FORK * OPTIONS = 4210 UNSEEN MATERIAL 
CLASS #® TRAN VALUE STRATUM = 1 BASAL AREA = 1,33 


PLOT OR POINT NUMSER 14 GROWTH = 070 
GERROEGSHOGGEGUHSOHHOUASHOOHEGGORDAGOOSGEGHDGHHHOSHEAOGUHHOTEEHAHEOTHEROAHH GES OS 
led 12¢6 lle? 200 Tw 9304 2.9 2027 ¢ 3330 
6,8 47.0 2620 6.2 ST 88.2 3,0 7.53 22800 
12.9 6925 300 7.6 ST B0e5 3e5 10016 21430 
4e% 1507 4e5 10.1 ST 78.0 3,9 14.0] #20315 
5.9 160} 325 16.5 ST 20 e009 18450 4.5000 
| Pa) 00 ef 18.7 e “99,9 21240 325000 
| Oe POS POCO OT OOF @ S228 SSS B88 BRFSS FSS 2H QS SSRSlBSl SFO F@SFSS2 2227 FOF SSTS39R HF SSF2SSER9E2e28 
| 8B SUMS 31,2 160.8 757 / 18.5 2 OeB.H, FREQUENCY 8 62,858 
PREDICTION = 0 DeBeTe © 2e00 FORK OPTIONS = 4210 UNSEEN MATERIAL 
CLASS = TRAN VALUE STRATUM = 2 BASAL AREA = 1,87 


| PLOT OR POINT NUMBER 14 GROWTH = 000 
TFPOGHOASHEHSEEGAAEHHGH SHAH EGSOGHSHEDGHHOOHHHHHEHGHGHOHOHEEHEESHHGEHOHGHHGHSOEHOD 
| 1.5 14e9 lée] 2e7 Tw T2el 20 4200 ¢3000 
3,7 17.3 667 6,6 ST 6609 e® 10-50 02100 
Ted 24e7 606 133 ST 6428 oY 22010 e1530 
Pa) ef 20 152.4 6304 20 26260 00945 
22e8 6528 15.6] 16.0 ST 120¢e3 ef 14,60 01640 
| 6e7 1925 405 1723 ST 11609 09 16440 00934 
504 1504 3e5 15.8 ST 00 00 17¢30 4.5000 
E| 00 00 00 17.8 20 “99.9 19-80 325000 
| wee 22 OSE PO Oe Oe OSS FSS SF 2928S 828 CFS S88 SSS S29 C2S8S98 98S 2259628 € 2862220028 2 28SSS0ER 98220800582 
9 SUMS 47,6 15706 4804 / 1763 2 DeBeHe FREQUENCY = 94.752 


PREDICTION 2 0 DeBeTe = 1250 FORK OPTIONS = 4210 UNSEEN MATERIAL 

| CLASS = TRAN VALUE STRATUM = 2 BASAL AREA = 1,63 

PLOT OR POINT NUMBER 14 GROWTH s 200 

SOE SSSHEHHESGEPHSSHGHEHHHEGESSHHHHHKRHATHGHSHHSHTHHSHHHHSHEHSHADEGHETESSHHSSHHEHAHRHGREHEHHOEGADH 


Figure 73.-Computer output of data obtained in three applications of a transit dendrometer. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE DN EVOe? Bo Tree ce é CREW | 


Tree Ht. or * 
ae he EL om oe el Wei, * J. a 


FORE tereine teers 


42 PSUR 56 57 ae 7I 

Preaaeeeennee Livrrtiititiiis) & 
Percent or CFI | 
Volume Deduction Point No. 


oomep coe os cee ee eee ee ee See oes cee soo eee cee eee ae sees aap ae oss oD 


Dendrometry Data 
TREE NO. |J TGRADS F GRADS  SINELV GR LEAN 
I 5 


BBEBEADSenGecee 
cere eee Sue CRONIN HL. SR NO. 


73 77 80 


Age gi 

Ce aL et oleh betel 
SS LE ISL ee te 
BEREUESSLaRRSVe 
Pid PL ge l2lolsbey | 
PLIAGE iol leh lale|sb Aa! 
LIA iz. lap ial: [vista ol z2 | 
eS ee | 


rate of taper 


For unseen material, total tree ht. unseen merch. length 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 74.-Sample recording sheet and dendrometry data obtained for forked tree, in figure 73. 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


DATE SEE Tree Data ee CREW 


Tree Ht. or 
a cee 


Pe eet ett oat 


XTRA XTRB 
Percent or CFI 
Volume Deduction Point No. 
73 76 77 80 


——==p qoee> come comme eee meee ee ee ee ee cee see cee cee cee cee ae cee ee eos a= 


Dendrometry Data 
TREE NO. .J T GRADS F GRADS  SINELV GR 
| 


CFI 
GROWTH POINT NO. 
73 US AL 80 


Cols. 1-4, 
73-80 are 
in every card. 


Sketch tree below 


PT Tsistvab YP Tesi, 
24 ee 


unseen merch. length rate of taper 


For unseen material, total tree ht. 


Dendrometer set up: bearing distance 


2-78 CC 


Figure 75.-Sample recording sheet and dendrometry data obtained for instrument above d.b.h. when 
the distance is established by a transit dendrometer, in figure 73. 
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SAMPLE TREE | 
RECORDING SHEET FOR STX | 


&. 
tare aoe Tree aa XX CREW 


Tree Ht. or 
ee Ee me * 


FFP o7re EEL BPs 


42 es 56 57 EE 71 
Percent or CFI 
Volume Deduction Point No. 
Te) 76 77 80 


eeepc come cee come cen come ee eee ee ge eee SP Gee aoe seep oe cee c= cee GED GSP ae a= a= 


Dendrometry Data 
TREE NO. B T GRADS F GRADS SINELV GR LEAN 
| : 


BEERNANOREGHAa 
F 
can ne rhea a sane The ws 


3 fe 
in every card. 6 eels REG re 


MLL YP 14]. lol |slolob 
ptt tt ttt ht tet 


PCH LTTE Pe 


For unseen material, total tree ht. unseen merch. length rate of taper 


distance 


Dendrometer set up: bearing 


2-78 CC 
Figure 76.-Sample recording sheet and dendrometry data obtained when transit dendrometer is 
moved to measure upper portion of stem, in figure 73. 
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TWYH9LWW NAQSNO O12 = SNOTLAO WHO4 OF *°T = *1°H*d 05 = NOTLO104ud 
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NONG*»% On*OT 6°66= ne 1° ae ye (ote 
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LHOdad Bul YO/ONV 9YOT GAITVWLIG 
OZ0EZT L9HST O9T "O04 2 OB=FO—™8 Dad 
Tl 39vdq 159) SwMOTLAO QMv Sa ddhvxd AdLIMOYOGNSG 
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SAMPLE TREE 
RECORDING SHEET FOR STX 


wee Vs LOD Tree es CREW 


Tree Ht. or * 
a coe 


Td sideline eee Elsa ee ee 


42 SUA 56 57 XTRB 71 
Percent or CFl 

Volume Deduction Point No. 

73 76 77 80 


ep oe ee ee eee ee ee ee GD eee eee eee oe cee es oe ae a= =e eases a= 


Dendrometry Data 
TREE NO. .J TGRADS F GRADS  SINELV GR LEAN 
| deg. 


CFI 
SROWUe FOUNT Ne. 


Cols. |-4, 

73-80 are 

in every card. i; Geeere 
PTT TP. ive else Sketch tree as 
eile [gl [eh les], sR 1 
rt [slo lal. [art [elle TPs 


IAZIFI-1P PIA 12] 7) 31 7 Popes 


PEOPLE PL 


For unseen material, total rree ht. unseen merch. length rate of taper 


Dendrometer set up: bearing distance 


2-78 CC 
Figure 78.-Sample recording sheet and dendrometry data for transit dendrometer in figure 77. 
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—— 


91. 
92e 
936 


END DATAe ERRORS! NONEs TIME! 


DENORUOMETRY EXAMPLES aND UPTIO 
CRC 8=04"-80 U08U90 01964673-)1 


=14 
2013 16e0 5 2eV ST 14 4e 
a 351°B8S12 172 9210 8 7 


NS 
39u5 19655 2 


0 8,0 420 


400 160 15467 123020 


Be0 40 1241 PL XX 


41 =99919e8 365 l17e2 4e5ST 450 BllelDISST 465 /56 O710ST 
42 463 688 2525ST 517 65] 5313ST 524 580 6UB4TW=999=999 6545TWe 
0907 00351e8S15 00105 12 00006 
71 9991305 4e0 10¢5 4&ce0ST 396 682]0845ST 387 649)1675Tw 
72 399 65112535Tw 405 63613060Tw 416 557] 3825Tx 2999 Twe 
0001 O0351SDIRE 00105 221000060004 
ll 1365 0Oc0 10e5 &e0Pw Fe 4e7Pe Sec TelPw 
“lle Bee 5.3PK Te? 3.5Pw 5,7 3.6Py ° 
0001 O10016ZEIS 00189 321000070008 
Vie =999 210 4e0ST 180 6e0STIOU7 170 93e2ST1500 17U100c0Tw 
le 1562 140113¢5Tw158] 120119 e2Tw2999=999133e3TH e 
0003 005526TRAN 00266 431000130013 
31 0856 105 #9993264 3.5 26.6 5.0ST Coe0 &35S5T 
\.32 2665 1008ST 25-5 1630ST 22.0 e420ST =999 Twe 
000] O00752e6RELA 00165 531000050004 
11 68.5 405 -l1e0 68eS 4e2 4e5STEK6S 360 6e0STE6BeS le 352057 
iz 68.5 1¢5 §1e0Twe999e999 T0e0Tw o 
0001 0096529Cios G0205 621000030004 
ll 90-427eS =8e0 902020e5 1.0ST906018 el le@ce0STIOCUl4e3 302¢0ST 
i2 90,01000 SUe0ST9I000 Gel BUcOTWIV]eVD 2 92,0TwW ® 
0001 00992°C66 020205 721000030004 
11 SOe927 eS —8e0 BOe0200S LeAISTIVDeVU1G el LOe0STIVSOl4e3 30e0ST 
12 90001060 G0cOSTIVUGO Gel BOeOTWI000 22 F2e0TH « 
0002 GCO902eTODI 00180 82 000040006 
21 =999 210 4.0ST 180 8e0ST3I009 432 |=6-.8ST e 
22 4572 432 UcOTw4700 356 13,.5Tw4819 305 19,2Tw=999"9999 33,3TwWe 
1 481°TELR 266 9210 13 #13 
1} 299932068 365 2606 SeOSTI40el 3e7 Be 3STI14el JeV 1860ST 
l2 1401 205 30e3ST14el 2e2 47e0STI4el 1069 S5e0ST ® 
l LSDIRE 160 2110 13 14 
lj 2004 0e0 160 46.5 14e1 15060 léev 25-0 
l2 Ge4 3620 e 
2 L=DIRE 160 2210 13 16 
21 20e& Oe0 1860 45 14.1 1560 12e0 2520 
22 626% 3660 ) 
2) 1=DiReé 180 2310 13 14 
31 2008 0020 16e0 45 14.1 15.6U l2e0 25,0 
32 <& 3620 « 
6 931°aS15 ete veo 10 
el 4061004 9670 406 94610865ST 417 8601156581 434 72215634ST 
62 650 6611805S5ST ca 
63 521 65512315 $30 59213420 TwW=999=2999]4)40Tw 
5 80128815 140 1220 7 6-25 «3 
81 29991607 1e5 1400 4e0ST 233 835100480ST 290 69411900ST* 
82 290 69411900 313 67613220Kx% 328 6460)4260Tw 363 60315385TWwW 
83 383 54316485Tw e 
84 314 673120460 337 66414310Tw =-999 Tw e 
2 9512TRAN 156 42 8 
21 e752153u ©99917.5 325 15.6 4,0ST 1565=0230ST 
22 13.2 1500ST 1164 22465ST 10.5 2330ST * 
23 282=2030 16 9-5 2815Pw 15 85S 3100Pw « 
24 282=2030 19 9e6 2830Pw 19 7.2 3145PH 6 
8 2sTRAN 185 4210 14 6 
61 e78= 830 ©—9992]e«4 3-5 1865 %e5ST 35l7el= 315ST 
82 351224 1430ST 30 8e7 2800ST 25 2.5 3330Tk e 
3 2sTRAN 173 42 1 (ogy) 
91 10615 512 ©£99919e8 325 17263 45ST 16e4 934ST 
92 14e6 1640ST o 
93 e63 1130 2606 945 220) 1530ST 10e5 2)00ST 
96 4e0 3000Tw ® 
10 S02eTRAN 100 42 7 6 
101 083 21 2999100 4.5 Be0 4 e5Pw 30 be% 151 6PHe 
102 27921832 @30 8.38 #513 30 6,3 816Pw-9992999 2)3]pwe 


1 651 8S12 126 
2 721 B8Sl2 131] 
3 611 8812 104 
5 651 8815 l2l 
6 14128815 24 
2 651 OIRE 129 
2 1418ZEIS 31 
1 712 TRAN 16] 
2 682 TRAN 135 
2 552 RELA 11? 
2 632 C100 98 
2 652 C66 135 
3 712 C66 148 
1 662 TODI 125 
2 11301 TELR 199 
3 1501 TELR 265 
4 1sTEL® 50 


16183 SECe IMAG 


€ COUNT? 93 


Figure 79.-Computer print out of data input. 
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i 

TEST 2 
TEST 3 
TEST a 
TEST be 
TEST 6 
TEST 7 
TEST 8 
TEST 9 
TEST 10 
000) 

e7 l 
e7 1 
10000) 
eS 1 
eS 1 
0002 
045 2 
045 2 
0003 
055 3 
255 3 
0004 

e7 & 
e7 & 
0005 

05 5 
5 5 
0006 

04 6 
04 6 
0007 
e37 7 
e037 7 
0008 
e037 8 
eal 8 
3 

08 9 
28 9 
10 

lo 

lo 

10 

10 

10 

10 

10 

10 

1] 

Norn Wh 
le2 ll 
le2 ll 
20 ll 
e75 lil 
e7S 11 
e7S 11 
e75 1) 
14 

e7 16 
e? le 
e7 16 
e7 14 
16 

14 

le 

16 

146 

14 

14 

14 

14 

14 

14 

l 

1 

1 

1 

1 

2 

3 

4 

é 

5 

6 

7 

7 

8 

9 

9 

9 


APPENDIX 4.- STXMOD PROGRAM OUTPUT 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 1 
CRC 8=04=80 2 400, 160 15467 123020 
PRELIMINARY REPORTe=COUNTS AND AGGREGATE PREDICTIONS 


STRATUM 1 TREE COUNTS PREDICTIONS 
SURE=TO=BE MEASURED TREES(=)) 8 203 
THREE@PEE MEASURED TREES(62) 6 390 
THREE@PEE PREDICTED TREES( 3) 7 568 

ALL TREES(1s9293) 21 1167 

ALL MEASURED TREES(192) 14 599 

ALL THREE@PEE TREES(293) 13 964 
EXPECTED VALUES FOR (#2) 20410 211.920 
EXPe VALe STe ERRORS (#2) 1.37) 124.085 

STRATUM 2 TREE COUNTS PREDICTIONS 
SURE=TO=BE MEASURED TREES(#1) 2 Q 
THREE@PEE MEASURED TREES(#2) 6 450 
THREE@PEE PREDICTED TREES( 3) 7 439 

ALL TREES(19293) 15 889 
ALL MEASURED TREES(192) 8 450 
ALL THREE@PEE TREES (293) 13 889 
EXPECTED VALUES FOR (42) 20222 159-027 
EXPe VALe STe ERRORS (#2) 1.35] 97.786 
TOTALS FOR ALL 2 STRATA TREE COUNTS PREDICTIONS 
SURE@TO=BE MEASURED TREES(=1) 10 203 
THREE@PEE MEASURED TREES(#2) 12 840 
THREE=PEE PREDICTED TREES( 3) 14 100/ 
ALL TREES(19293) 36 2056 
ALL MEASURED TREES(192) 22 1049 
ALL THREE@PEE TREES (293) 26 1853 
EXPECTED VALUES FOR (#2) 42632 3700947 
EXP. VALe STe ERRORS (#2) 1.925 15/2984 


Figure 80.-Computer print out of program output 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 2 
CRC 8=04<80 2 400, 160 15467 123020 
PRELIMINARY REPORT@eCOUNTS AND AGGREGATE PREDICTIONS 


SUM OF PREDICTIONS BY STRATUM 


PLOT OR STRATUM 
POINT NUMBER ALL 1 2 

1 377,00 377.00 200 
2 100,00 100,00 200 
3 114.00 114,900 200 
§ 194.00 090 194,00 
5 130.00 290 130200 
6 133.00 200 133.00 
7 226.00 e00 226200 
8 156.60 200 156.00 
9 308.09 308.00 200 
10 000 200 200 
11 173-200 173.00 000 
l2 200 000 200 
13 200 200 200 
14 145.00 95.00 50.00 

TOTALS 2056.00 889.00 


1167.00 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 3 
CRC B=04=80 2 400. 160 15467 123020 
PRELIMINARY REPORT=eCOUNTS AND AGGREGATE PREDICTIONS 
eS Bee SSS SS Se SS SSS SSS SSeS See SSS SSS ee Se SSS SS SSS SSS SSS SSS SESSSSSSSSTESSSSZE=ASEE 


STATISTICAL SUMMARY OF PLOT DATA 


SUMS NUMBER 

STRATUM PREDICTIONS PREDICTIONSS4#2 OF PLOTS 
} 1167.00 298943.00 14 
2 889.00 150137200 14 
ALL 2056.00 14 


STANDARD STANDARD STANDARD COEFFICIENT 


STRATUM MEAN DEVIATION ERROR ERROR & OF VARIATION 
st 83.36 124.550 33229 39.93 149,42 
2 63.50 842892 22069 35¢73 133,69 


ALL 146.86 27043 102,64 
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Nore 


@ NNY STHL YOd GATL994439 Sed 
ILVTHdOdddW SI 


isal 
4S31 
1S31l 
1S31 


0000000° 
00n0000° 
0900000° 
0900000° 


o20 yO 


0000000° 
0000000° 
0000000° 
0000000° 


ee (0°R46 SI 


ot 


0000000° 
0000000° 


0000000° 
0000000° 


0000000° 
0000000° 


°NOTIVAIYSO WHYLInt Y9ldv INIJWILVAS WiVO wOOTE AA SoA GZILSNFOV SLY3ISNI ATIWANYe YySN NIWA 
*INNOD JO 3LVWILS3 O9SVBeaIdWYS 159398 YO LNNOD NOTIVWNdOd Will WIIM ASHL OS 
S3LVWILS3 AININOIYd LSNCAV OL LNB SQIONVHINN Tdw JATI93949499 ONY BWNTOA WLOL JO SILVWILS3 BAVIT OL O3IATHIO N3IHW JAVH SoA 
Va JQNIINI 
“2eoOIdJe (LNOMMEASCITAINOZACTA) OO 9U42—4 LYHL HONS LNAWLSNCAY WOUd LINS3IX SITININMAYZ LNINOISENS WV 


NOTLdO ANANT 


3S73 SQ31SNFOYNN Juv SSTON3INOJY4 N3HL 
QINOHS Td» 


0000000° 
0000000° 
0000000° 
0000000° 


LYWHOIS LNANI 


ee (2 GYvd WHLNOD JO 99 NWNI09 NI G3IHONNd 


LS31L¥X 


LIST VdwWt 
SNOTLdO YOd NOTIVWHOINI INTOd@9NTLVOTS ONTMONIOd NIVINOD 1SNW 8 SZ 


Vd 


1$310 


0000000° 
0000000° 
0000000° 
0000000° 


4S91 
1s3l 


O20E2T L9HST. 
39vd 1891 


60 3HvV St¢A YIHKLO ONY 


tT 2Tt 0% 


0 


0000000° 
0000000° 
0000000° 
0000000° 


09T “One 


Ta JI 


o°e n° 


0000000° 
0000000° 
0000000° 
0000000° 


2 


0°> HT 


0000000° 
0000000° 
0000000° 
0000000° 


070 YO oda 


Ls 


SCQIATOANT SI ONITWdWYS"LNIOd 3SVI NI 


0 0 


0000 °%688 
90TEEPET 
0000000° 
000000°I 


688 
St 

HLIM) SNOTLIdO LIdNI AdVWwWnS 
YJONN BOF STHL SS39D0¥d OL SMHO11049 SV % ONY € SQHVD TOXINOD HINNd 


0°? G° 


o°9Tt €to20 


A 


=< QT ONY 6 SOYNVD TOY1NO9 


o00*29TTt 
O€SOB°EL 
0000000° 
000000°T 


LOTT 
t2 
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6SOHN9Z 3DV1d3N NWD SYNV18) SOT3T4 NWN109"@ ININ OL OZINGIN SoHo YO ee 
69 §G SGYVI TONLNOD 


SNOTLIIOINd 31V99909" ONY SLNNOD="1Ld0d3x. AYVNIWI 798d 


06-9028 949 
SNOT1dO GNV S31dW¥X3 AYLINONGNIO 


penuljuoo ‘og einbi4 


Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 5 

CRC 8-04-80 2 400. 160 15467 123020 
DETAILED LOG ANO/OR TREE REPORT a 

eS 8 88 8 oie 888 ai ee Ss Se BSS SSS SSS SST ESS TSSSSSSSSTSSSSSSSSSSSSESTSTSESSESLESESZEEZE 


TREE/ VOLUME / SURFACE / LENGTH / DIB / LOG/RANGEY INSTRUMENT READINGS 
NOo/ CUseFTe / SQeFTe / FTe / INe /CODE/ FTe/ TGRADS FGRADS SINELY 


8 88888 888888 ee eee eee 2 8 S88 ee See SSS Be SS SSS SSS SSS SSS SSSSESETSEES 
ee 420 8.8 el Tw 29 =99.9 ©9929 06565 

2el 17e3 lle? 304 Tw 112¢5 52.4 5800 26084 

14.9 BOe7 3520 7.9 ST 10608 Sl.,7 656] 05313 

11.2 47e7 16e2 9.7 ST 86e3 48,3 6558 e2525 

1326 47e] 13-0 12.8 ST 7806 46,5 7506 00710 

5.7 1820 4.5 14.8 ST 7323 45,0 B8lel =e10)5 

5.4 15e3 325 15.7 ST 20 20 l7e2 4.5000 

20 20 00 17.8 20 =99,9 1968 305000 

4 SUMS 53.1 2306] 92e7T f£ 17 e2 = DeBetHe FREQUENCY = 181,188 


PREDICTION = 85 DeBeTe ®@ 1250 FORK OPTIONS = 0210 UNSEEN MATERIAL 
CLASS = 8S1l2 VALUE STRATUM = ] BASAL AREA ® 1,6) 


PLOT OR POINT NUMBER l GROWTH 2 070 
SSSSSSGSSCHHSSSEHSSSHSSHSSGHSHHHGHHSHHHSSSHSHKRSSHSHHEHSSKRHSGHHPHSSH GHGS HSER HEGEBEHEEREGES 
e2 2e2 1.8 3e7 TW 20 09 29909 20000 
1.2 9el 506 5.3) TW 6400 = 4146 = SS 2 3825 
1.0 6e7 325 7.0 Tw 6126 40,5 6308 23060 
1.7 108 526 725 Tw 6004 39,9 65¢] 02535 
1.6 907 407 704 TW 56el 38.7 6409 01675 
Wert 903 4290 Be4 ST 59-8 39,6 6802 00845 
2e3 10.8 4-0 923 ST 29 20 105 4.0000 
20 00 20 11.3 00 -99,9 135 420000 
222688 8228982202282 8289 82FE 8S S988 SE S598 88S GSS SSSES 2S SSSSSL2SEFF2E SSF SSFSVSS2E2H29 SSSS8T2S8SSS2 S228 228 
7 SUMS 9.7 56.7 29ee Sf 10.5 = DeBeHe FREQUENCY = 1180,.750 


PREDICTION = 35 DeBeTe © Je20 FORK OPTIONS ® 1210 UNSEEN MATERIAL # 
CLASS = 8S15 VALUE STRATUM = BASAL AREA = 260 


PLOT OR POINT NUMBER 1 GROWTH = e80 
SRSOSOGHOSSEHTSSCSGHHSOFAHSHSHSSHEHSHEGSHSHHSSHSHSHEHSHSSSHHSHSGHEGHHSHEHOKEHGHOHRHHSSHBGREHSHSHHHASEG 
8 529 326 503 Pw 20 Pa) 5Se7 326000 
1.0 6e7 325 Vel Pw 20 20 Tel 325000 
VAT 10.5 5.3 7.6 Pw WV 20 Be2 5.3000 
2.5 1560 Tel To) Pw 00 0 8e2 721000 
2el llel 4e7 8.6 Pw e0 20 Fes 427000 
225 llel 420 9.5 Pw 00 Pa) 1065 420000 
29 00 20 11,7 20 20 13.5 20000 
1 SUMS 10,5 60-3 28602 / 10.5 @ DeBoHe FREQUENCY s 1180.750 


PREDICTION = 35 OeBeTe ® 1,00 FORK OPTIONS ® 2210 UNSEEN MATERIAL 

CLASS = DIRE VALUE STRATUM ® 1 BASAL AREA = 260 

PLOT OR POINT NUMBER 2 GROWTH = 45 
GHHOSHHAODHHHHSHOGHSTHHSHHSHHHGHHEHGHHHFHSSHONHGESSTHHHTHEHHSHGHHOGHHatKHaGSRGahkecereougan 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST? APAGED 71) 
CRC 6=04=-80 rd 400, 160 15467 123020 
DETAILED LOG AND/OR TREE REPORT 
SSSSSSSS SSS sr SsssSHSSSSsSse ST ESSeSseTSSSSsSerT SST SSTSSSSS SSA SsEsessSR=asHERSSESS= 

TREE VOLUME / SURFACE / LENGTH / OIB 4 LOG/RANGE/ INSTRUMENT READINGS 
NOe/ CUsFTe / SQeFTe / FTe f/f INe COVES FTe/ TGRADS FGRADS SINELV 


25D 925 16.8 el Pw e 9 =99.93 -99.90 e213] 
203 2404 2006 3.8 Pw 7601 3,0 5046 00816 
00 e0 9 5e2 7526 =3,0 7¢62 =.0513 
1.0 7e6 4e5 5,7 Pw 86e5 3,0 7027 01516 
oS 9.3 4.5 Tel Pw 20 Pa) 8.00 4.5000 
Pa) 2D Pa) 8.7 00 =99,9 10200 &.5000 


10 SUMS 5.4 5008 48.3 / 10.0 = DeBeHe FREQUENCY = 840,348 
PREDICTION = 50 DeBeTe = 1e30 FORK OPTIONS # 4210 UNSEEN MATERIAL 
CLASS # TRAN VALUE STRATUM = 2 BASAL AREA = 055 
PLOT OR POINT NUMBER 14 GROWTH = 200 

SOSSSHHSGHHAEHGEHHSHSHGHSHSSGHESSHEHSHSEHSSEHSHFEHSHSHHHLESEHHDHSHSSSHHSSEHGHGSDGHHSSESSEKRESCHEHEHSHSSES 
a!) 0 a!) ef 20 20 eQ 00000 
6 SUMS 20 20 of, 547 204% = DeBeHe FREQUENCY = 4923.299 
PREDICTION = 14 DeBeTe = 200 FORK OPTIONS = 0110 UNSEEN MATERIAL 
CLASS = BS15 VALUE STRATUM & 1 BASAL AREA 2 203 
PLOT OR POINT NUMBER 1 GROWTH = 200 
SSEGSSGHSHSHSSHSHSHEHSHHOHSSHSHSHSHDHSHSSHEHHSSESHHSHSSHSHSSHHESHGHSSSSCSSESHHSHGEGSEEOGHHSHEGASSGESES 
Pa) 20 e0 ef 20 20 20 00000 
e SUMS Pa!) 20 20 4 3el1 = DeBeHe FREQUENCY #8 2950.,906 
PREDICTION = 14 DeBeTe # 200 FORK OPTIONS = 0110 UNSEEN MATERIAL 
CLASS 2 ZEIS VALUE STRATUM = 1 BASAL AREA = 205 


PLOT OR POINT NUMBER 3 GROWTH = 200 
SOSSSHSEEHGHSSEHHHHGHHSHSEHHHHEHHHASHHHHSESGHSESHSEHSHESREHGHGSSEHSSHHSHESGHEHGHESEGEHSEASGHESSES 
e0 20 e0 ef 20 Pa e0 «0000 
& SUMS 20 29 ef 4 5.0 8 DeBeHe FREQUENCY 2 1134,328 
PREDICTION = 0 DeBeTe = 000 FORK OPTIONS # 0110 UNSEEN MATERIAL 
CLASS = TELR VALUE STRATUM = BASAL AREA & el4 
PLOT OR POINT NUMBER 9 GROWTH = 200 


SSOHGHSSSHSHSSHGCSSSHHGOHHGHHSSHSSHGHHHSSSHGHSSHGHGHECHSESOHRHGHSGGHHRHHESSHEGSHHSGHREESS 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 12. 
CRC 8=04=80 2 400. 160 15467 123020 | 
SUMMARY REPORT@=SURE=TO=BE MEASURED TREES PLUS EXPANDED 3P SAMPLES ~ | 


STRATUM )eseeesceeneeee= 1] ceneecesesoecae |] esceecesueceans=} | 
/ SURE=TO#BE / SPeEXPANDED / TOTAL SAMPLE / 
/ MEASURED / SAMPLE / ESTIMATES / | 
SAMPLE VARIABLES/ AGGREGATIONS / ESTIMATES / PLUS SURE / 


SSFBVS®SS®sZS@G2fSeSSFES SVS FFaAFSSFTSSeFFVSs’S*eSFSFVVSes@ VSS SS SEES S2H SEGS22E2HSRGSS2R2GEER 


TREES (FREQUENCY) 9532,321 29262470 12458,791 
PREDICT. (EF KPI) 31398,010 149101,873 180499,881] 
BeAs (SQeFTe0eBe) 123764 274528 3983.2. 
LENGTH (FTe) 3921067 1151220 154332,8 
SURFACE (SQeFTeleBe) 95344,4 27518702 370531,6 
VOLUME (CUeFTel.B.) 20471,0 60764,5 81235,5 
REL.«VALePER MF UNIT 1.00 1.00 1,90 
GROSS MF.UNITS 2047140 60764.5 81235,5. 
STeERROR(PCTe) eases 1209 “9,0 
(l=) (2) (192) 
COMPONENT ITEMS NUMBER NUMBER NUMBER 
MEASURED TREES 8 6 14 


MEASURED LOGS 28 38 66 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 14 
CRC 8=04=80 2 400, 160 ~154%e7 123020 
| SUMMARY REPORT==SURE=TO#8E MEASURED TREES PLUS EXPANDED 3P SAMPLES © 


TOTALS ALL 2 STRATAGG eG HOG eFeGsognedaGedGaaHsGHOeGHsadGesnnosasossonssegotosoaos 
4 SURE=TO#BE ¢ SPeEXPANDED / TOTAL SAMPLE / 
/ MEASURED / SAMPLE 4 ESTIMATES A 
SAMPLE VARIABLES/ AGGREGATIONS / ESTIMATES 4 PLUS SURE 4 


TREES (FREQUENCY) 9709.93] 446462541 14156,771 
PREDICT.(EF KPI) 31398,010 286603,496 318001,504 
Babe (SQeF T2008.) 1546,7 4690e3 6237,0 
LENGTH(FTe) 50068,6 21677225 266841,1 
SURFACE (SQeFTeleBe) 123604,3 505136.7 628741,0 
VOLUME (CUsFTel eBe) 27568.4 122279,8 149848,.2 
RELeVALePER MFeUNIT 1.00 1.00 “1,00 
GROSS MF,.UNITS 2756804 1222798 149848,2 
STeERROR(PCT.) beatae atone Voet Teles 
GROSS WTDeMFeUNITS 27568,36 122279,62 149848,18 
STeERROR(PCT.) =secee 1061 8.3 
(ls) (29) (leé) 
rol | COMPONENT ITEMS NUMBER NUMBER NUMBER 
MEASURED TREES 10 12 22 
seal | MEASURED LOGS 39 70 109 


MFeUNITS= CURIC FEET 
= ( 010000000401) 4 (CUcFT.) +( 200000000 )®(SQoFTe) +( 200000000 YF(FT.) 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 0 
CRC 8-04-80 2 400. 160 15467 123020 
SUMMARY REPORT==SURE=TO*BE MEASURED TREES PLUS EXPANDED 3P SAMPLES 


DATA PROCESSING BLOCKED BY 0 INPUT FLAWS. 
SAMPLE ESTIMATES INVOLVE 1 SUSPICIOUS ITEMS NUMBERED 


9= 14 
INPUT READ BEFORE FLAW IF ANYew= 
CARDS WITH TREE PREDICTIONS ONLY (FIRST) 14 
CARDS WITH MEASURED TREE INFO (FIRST) 22 
CARDS WITH MEASURED TREE INFO (SECOND) 22 
CARDS WITH ADOITIONAL DENDROMETER INFO (SECOND) 45 
PROCESSING DONE BEFORE FLAWgIF ANY=ee 
NUMBER OF MEASURED TREES PROCESSED 22 
NUMBER OF MEASURED LOGS PROCESSED 109 
TREE CARDS PUNCHED OR WRITTEN 0 
LOG CARDS PUNCHED OR wRITTEN 0 
LABEL ON CARD OUTPUT TEST 
CHECK OF INPUT AGGREGATES WITH EXPANDED 3P SAMPLE 
AGGREGATE NUMBER OF TREES INPUT(1+2¢3) 36 
SAMPLE ESTIMATE(2 EXPANDED) #NO,SURE(] EXPANDED IF SB SAMPLE) 14156277] 
STANDARD ERROR OF ESTIMATED NUMBER 1495,525 
AGGREGATE PREDICTIONS(KP1) INPUT(1¢2¢3) ‘OT EXPANDED 2056 
SAMPLE ESTIMATE(2 EXPANDED) #SURE KPI(EXPANDED IF SB SAMPLE 3160071,504 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 15 
CRC 8-04=80 2 400, 160 15467 123020 
BOARD FOOT LOG AND TREE REPORT 
LOG LENGTH 16.0 TRIM ALLOWANCE ed MINIMUM LENGTH 220 PRODUCT CODE ST 


SSS SSS SS SS SHS SSS SPS SSS SS SSS SSS SSS SSS SSS SST SSS SSS SSS SSH ST SSS Ses SST sSsesSSlsszEreze 

BREE 7 LENGTH 7 SCALING 4 ODI8 / BOARD FOOT VOLUME 4 VOLUME 

NOe / Fle /LGTHe FTe/ INe / INTe 1/4 / SCRIBNER / DOYLE 4 CUekFTe 

Se eS eee SSeS SSS SS SSS SESS SES SESS SSS SSSSSS ST SST SPSS SSSI TP SSSSSESZETSOSE 

6e2 6,9 709 11.6 llel 5.8 2el 

16.5 16,0 Bee 41.5 3320 18.0 626 

16.5 1640 Sel 5201 4300 25.9 6.4 

16.5 16.0 105 T7204 62e3 425 12.8 

1625 16,9 13-5 124¢e9 ll2eé 8909 21.7 

Pat) 20 17.8 20 20 20 Pa?) 

4 T2e2 (WAY) 17e22DBH / 302.4 261.9 182.0 51.6 

PREDICTION = B85 OeBeTe = 1650/ 20 00 e0 20 

CLASS = 8S12 VALUE STRATUM © 1 / 302e4 26109 18220 51.6 

PLOT OR POINT NUMBER = 1 FORM CLASS = e79] FREQUENCY = 181.188 
BASAL AREA = 1e61 PERCENT ODEOUCTION = 200 

HOEGSGOSSHSOHSHESHGHHEHSEEHEHHEHHHSEHSHHHHSEHEHSHHSSHEHSSHHGHHSEHHSHHSSSGGETSSHSHHGSHHHEGGaASSEG 

8.0 8.0 Be4 18.9 1706 929 4e4 

20 0 lle3 20 00 20 20 

7 8.0 8,0 10.e5=D8H / 18.9 1706 9.9 4e4 

PREDICTION = 35 DeBeTe = 1le20/ 20 -1.8 20 Pat) 

CLASS = 8S15 VALUE STRATUM = 1] / 1609 1509 909 4e4 

PLOT OR POINT NUMBER = 1 FORM CLASS = 2000 FREQUENCY s 1180.750 


BASAL AREA = 060 PERCENT DEDUCTION = 10.200 
HHHSHSOOSIOSH SPOT HO OHOTOOHFOMAHEROOTOO HSH SGTOGOSEOESCHOHSEHHOCHDSEAOOORHOOH OOO" 


12.0 12,0 1507 12449 11608 10109 1967 

20 20 18.9 Pat) e0 00 20 

1 12.0 12.0 15¢020BH / 124.9 115.8 10129 19.7 
PREDICTION = 100 DeBeTe = 1250/ e0 20 0 20 
CLASS = ZEIS VALUE STRATUM = 1] ¢ 12409 11608 101¢e9 19.7 
PLOT OR POINT NUMBER 2 3 FORM CLASS = 2000 FREQUENCY 2 140,024 


BASAL AREA = 1277 PERCENT DEDUCTION 2 000 
HHGHGHOMHOESSHGOSOOHTOSHHASOPOOHSHHGOOGOSHEHEFHDSOHGHHAHOO SE HHESCOHGOEHSOGaS GOS 


7.8 7,0 1664 10020 9908 91le3 13.8 

16.5 16.0 196 27844 26100 244e1 3567 

16.5 16.0 2008 315e7 29704 28304 58.1 

2 0 00 3020 20 0 20 20 

3 40,8 39,0 262e262DB8H / 69422 656e2 618.8 107.7 
PREDICTION = 55 DeBeTe = 2e60/ 20 0 20 00 
CLASS = TRAN VALUE STRATUM © 2 / 69402 65602 61528 107¢7 
PLOT OR POINT NUMBER & 4 FORM CLASS -# «794 FREQUENCY s 107.970 


BASAL AREA 2 3286 PERCENT DEDUCTION 8 200 
HOOGSSHVHOGOHSOHHODOHHODOOEHOHATOSGHESHHEORGHFOSOHASHTHOHSHSOSHSROTECGOCHHOOSCGOES 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 19 
CRC 8=-04=80 2 400, 160 15467 123020 
BOARD FOOT STRATUM SUMMARY FOR PRODUCT ST 
SSS SSS SSeS SSS SS SSS SSS SSS SSS SSS SSS SSS SST SSS SSS SSSSS SSS SSS SE Sees sssssse2sersze=z=z=z 
TREES BOARD FOOT VOLUME 
STRATUM (FREQUENCY) BASAL AREA INTERNATIONAL 1/74 SCRIBNER DOYLE 
B88 eee 8S S888 88 eee ee Be 8 ee SS 8 See eS 8 SSeS SSS See SSS SSS SSS SSSSSSESSESESESEzEEEz= 

1 2006.932 23452] 177385.7 157822.4 111623,.4 

2 857.633 1795e5 30646620 280952.0 23751328 
SSS SSS SS SS St St SSS SSS SSS SS SS SSS SSS SSS SS SSS BSS SSS BSS SPSS SSssSeszesessszerr: 
ALL 2864.565 41406 483851.7 4387744 34913722 

TOTAL VOLUME / BOARD FEET/CUBIC FTe 

STRATUM LENGTH CUeF Ts 4 INTERNATIONAL 174 SCRIBNER DOYLE 
SSS SS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS Ss SSS SSS Se SS SSS SSS SS SSS SS SS SSSSSss 2tS2SSESFS2SESEE 
1 41824.337 3571825 520 4e4 3el 

2 39659.966 5194029 509 504 46 
8S SSS SS SS SSS SS SSS SSS SSS SSS SS SSeS SSS SSeS SS Se SSS SSS SSS SS SS SSSSSS SSR SR2S2=2=5EEB8 
ALL B1484,303 8765904 5.5 5.0 4.0 
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Figure 80, continued 


DENDROMETRY EXAMPLES ANO OPTIONS TEST PAGE 20 
CRC 8-04-80 2 4U0,. 160 15467 123020 
BOARD FOOT STRATUM SUMMARY FOR PRODUCT ST 
SSS SSS SSS SSS SSS SSS SSS SSS Se See eSB SSS SS SSS SSeS SS SS SS SSSSSSSSeesSstse2esE 
AVERAGE / VOLUME/16¢5=@=F Te LOG/SQ. FT, BA 
STRATUM FORM CLASS / CUBIC INTERNATIONAL 174 SCRIBNER DOYLE 
SSS SS SSSR SS SSS SS SSS SSS SSS SS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SS SST SSSSSSSSSESsesetse25Qq=EQ= 

] 282 leel 59.9 53.3 3767 
2 e 7A) 10.63 6009 55-8 47e2 
SSS SSS SS SSS SS SSS SSS SSS SS SS SSS SSS SS SSS SSS SSS SSS SSS SSS SSS SS SSS SS SSSSSSSsestsseztseseEesesz 
ALL e738 12.3 6728 61.5 48.9 
AVERAGE / VOLUME /164e5-F Te LOG 
STRATUM DeBete / CuBIC INTERNATIONAL 17/4 SCRIBNER DOYLE 
SSS SSS SSS SS SS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SHS SSSSSSSSSESESSSSSSEssssessesesZEZE: 
1 13.836 140] 700 6263 44,0 
2 19,341 2leb 12725 116.9 96.8 
SSS SSS SSS SSS SSS SSS SS SSS SSS SSS SSS SS SSeS SSS SSS SSS SSS SSS SSS SSS SSS SS SSSSSSSesssqsseszsE 


ALL 15.484 l7et 98.0 H6,& 7067 
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Figure 80, continued 


DENDROMETRY EXAMPLES ANO OPTIONS TEST PAGE 2) 
CRC 8=04—=80 2 400, 160 15467 123020 
BOARD FOOT STRATUM SUMMARY FOR PRODUCT ST 
eS 8S ee SS SSS SSeS SS SSeS SSS SSS 8a eee eS SSS SS SS SS SS SS SSS SSSSSESSESSSSESSESSSSEESE 

GROSS PERCENT VOLUME NET VOLUME 
STRATUM VOLUME DEDUCTION DEDUCTION SCRIBNER- 
88 8 S88 8S SS SSS 8 88 88S SS SSS S85 SSS SSS SSS SS SSS SSS SSS SS SSS SS SSSSSSSSSTSSSSSESSESEz= 
] 157822e% 1.9 307526 154746,9 
2 280952,.0 e ef 28095220 
SSS SSS SSS SSS SS SS SSS SSS SSS SS SSS SS SSS SSS SSS SSS KH SSS SSS SSS SSSSSSSSSSSsSTSBSSEESEESSSETZE 
ALL 43877424 ef? 307546 435696,9 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 22 
CRC 8-04-80 2 400, 160 15467 123020 
GRADE=YIELO AND REALIZATION REPORT 
CLAS GR CU.eFT.VOLUME SQ.FT.eSURFACE LINeFTeLENGTH LOG FREQe COUNT 
eee SS SSS SS SSS SSeS SSS Se SS SSS SSS SSS SS Se SSS SS SSS SS SS SSS SS SSeS SSesss2SSSSse2eE2ee2=e 
BSl2 ST 9197.49 37835el2 13079248 905,94 5 
BSl2 Tw 423.02 3863254 3720e61 362,38 2 
BS15 ST 13017.96 52775017 18141¢31] 3231,58 9 
BS15 Tw 8924.8} 62039e73 36291425 6845.18 12 
BS15 xx 391.17 2192041 9768406 144,66 l 
C100 ST 9673.22 27806259 6798077 444,36 4 
C100 Tw 770021 5092.75 3199242 222,18 2 
C66 ST 14656239 42131220 10301lel/ 444,36 4 
C66 Tw 1166.99 7716028 4847.61 222,16 2 
DIRE i 13450236 57628286 2113736 1050.30 12 
DIRE Pw 12437-82 71221291 3329714 7084.50 6 
RELA ST 5319.79 21808.65 7648.63 617,34 3 
RELA Tw 1386.08 108170617 7475206 411,56 2 
TELR ST 6317¢40 16951446 3976039 804,92 6 
TOOI ST 2778032 775778 1729e11 288,19 2 
TOOI Tw 9731.04 37618298 14132230 432,28 3 
TRAN Pw 4941.93 45637.42 42227274 3594,45 6 
TRAN ST 20601-25 63332-05 18081¢95 1927.08 19 
TRAN TW 851.4) 4500-87 2581.79 285,58 3 
ZEIS ST 25493) 7342013 1687249 281,e5 2 
ZEIS Tw 11262.19 42670.91 15468.49 562,90 & 
SES SSS SSS SSS SSS SSS SSS SSS SSS SSS SSS SS SS SSS SS SSS SS SSS SSS SES SS SS SS SSSSSSSSqSqqtzssses 
TOTALS 149848214 625740280 266841207 30163.37 109 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 60 
CRC 8=04=k9 2 400, 160 15407 123020 
GRPADE*YIELD AND REALIZATION REPORT 8Y DSH GROUP 
CLASS TRAN GRADE ST 
See SS SS SSS BS SSS SSS SSS SS See SS SS SS SS SS SSS SSS SSS SS SS SSS SS SSSBSASSSSS3SSESSESSEF2ESEEz2E=2 
VOLUME SURFACE LENGTH LOG 

D8H GROUP Gus. Fille SQ. FTe Fle FREQ, COUNT 
SSS 8S SS SSS SS SS SSS SSS Se SSS SS SSeS SSS SSS SS SS SSS SSS SS SSS SSS SSSS SS SSSSSsSsessSesesgesesez 
16 2 844,395 13098,57] 4939.472 5822639 5 

17 4307.983 13525,523 3441.590 473-758 5 

19 24362352 12284. 362 53002770 331433 4 

27 19902.-018 24423,597 4399.9246 539.850 5 

See Se SS SS SSS SSS SS SS SSS SSeS Se SS SSS SS SS SSS SS SSSSSSSSSSSSESSESRESSEETEEBZERSZESSEZSES 
TOTAL 20601.247 63332.053 18061.955 19272680 19 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS TEST PAGE 52 
CRC 8=04=8) 2 400, 160 15467 123020 
NUMBER OF TREES BY DBH GROUP 
CLASS TRAN 


-+ | 3 4-2-4 2-4 2 ee ee te ee eS ee ee ee ee 
DBH GROUP NUMBER OF TREES BASAL AREA PREDICTIONS COUNT 
SSS SSS SSS Ses esse PS SSS SS HS SS SSH SSS SSS SS SSS SSS SSH SS SSt St Sssssetse2sese22essF2F2e2=2e2 
10 283,58 154,67 14179.,10 l 

14 155,60 154267 10540,.84 l 

16 225.293 309234 18837,.71 2 

L7/ 94,75 1546/7 2 00 l 

19 82,86 154,67 200 ] 

27 40,038 154.67 2204%e 34% l 
SSSSSASSSE AST SS SSS SSS SsTeSSe SSH STESesesressessssssscssesssSssssesesaesssetszs=see=e= 
TOTAL BRA, BV 1082-249 458901,.99 7 
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Figure 80, continued 


DENDROMETRY EXAMPLES AND OPTIONS 


CRC He 04=280 


CLASS NUMER OF TREES 
BkS12 B0le22 
RS15 9541.99 
C100 362.75 
C66 352.55 
DIRE 699.20 
RELA Slhese 
TELR 126.40 
TOOT 269,%2 
TRAN RB2,60 
ZEIS 3038.43 


TOTAL/4&VEPAGE 


13477,.38 
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TEST 54 
4U0, 15467 123020 

NUMBER OF TREES 
HASAL AREA PREDICTIONS AVERAGE DBH COUNT 
616268 42405285 12252 & 
773235 107961243 3262 = 
399234 18769296 1179 2 
40421 25379025 15232 3 
7173235 20079436 13-95 5 
309434 192062eU0Q9 l3e3] 2 
614.268 158548215 7e18 & 
309.34 19855.78 14029 2 
1082.59 458uU1.99 14245 7 
309-34 50065e2] 3e53 2 
== 
5568.12 365382298 6260 36 
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Figure 80, continued 


RAGE 64 


TROT 


OPT LOMS 


DEHOROMETRY EXAMPLES 440 


CRC 


154607 12302U 
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| Ob 
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(" 
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FTe 
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APPENDIX 5.—LIMITING DISTANCE TABLES 


LIMITING DISTANCES FOR 10 FACTOR PRISM 
HORIZONTAL 


5 13.75 14.02 14.30 14.57 14.85 15.12 15.40 15.67 TS)59'5 16.22 

6 16.50 16.77 17.05 17.32 17.60 17.87 18.15 18.42 18.70 18.97 

7 19.25 19.52 19.80 20.07 20.35 20.62 20.90 21.17 21.45 21.72 

8 22.00 22.27 22.55 22.82 23.10 23.37 23.65 23.92 24.20 24.47 

9 24.73 25.02 25.30 25.57 25.85 26.12 26.40 26.67 26.95 27.22 
10 27.50 GUouly 28.05 28.32 28.60 28.87 29.15 29.42 29.70 29.97 
11 30.25 30.52 30.80 31.07 31.35 31.62 31.90 32.17 32.45 32.72 
12 33.00 33.27 33:99 33.82 34.10 34.37 34.65 34.92 35.20 35.47 
13 35.75 36.02 36.30 36.57 36.85 37.12 37.40 37.67 37.95 38.22 
14 38.50 38.77 39.05 39.32 39.60 39.87 40.15 40.42 40.70 40.97 
15 41.25 41.52 41.80 42.07 42.35 42.62 42.90 43.17 43.65 43.72 
16 44.00 44.27 44.55 44.82 45.10 45.37 45.65 45.92 46.20 46.47 
17 46.75 47.02 47.30 47.57 47.85 48.12 48.40 48.67 48.95 49.22 
18 49.50 49.77 50.05 50.32 50.60 50.87 Sis 51.42 51.70 51.97 
19 52.25 52.52 52.80 53.07 53.35 53.62 53.90 54.17 54.45 54.72 
20 55.00 55.27 55.55 55.82 56.10 56.37 56.65 56.92 57.20 57.47 
21 57.75 58.02 58.30 58.57 58.85 59.12 59.40 59.67 59.95 60.22 
22 60.50 60.77 61.05 61.32 61.60 61.87 62.15 62.42 62.70 62.97 
23 63.25 63.52 63.80 64.07 64.35 64.62 64.90 65.17 65.45 65.72 
24 66.00 66.27 66.55 66.82 67.10 67.37 67.65 67.92 68.20 68.47 
25 68.75 69.02 69.30 69.57 69.85 70.12 70.40 70.67 70.95 71.22 
26 71.50 71.77 72.05 72.32 72.60 72.87 73.15 73.42 73.70 73.97 
27 74.25 74.52 74.80 75.07 75.35 75..62 75.90 76.17 76.45 76.72 
28 77.00 Vila gal 77.55 77.82 78.10 78.37 78.65 78.92 79.20 79.47 
29 79.75 80.02 80.30 80.57 80.85 81.12 81.40 81.67 81.95 82.22 
30 82.50 82.77 83.05 83.32 83.60 83.87 84.15 84.42 84.70 84.97 

LIMITING DISTANCES FOR 20 FACTOR PRISM 
HORIZONTAL 
DBH -0 el 2 3 4 5 6 7 8 9 


5 9.72 9.92 10.11 10.30 10.50 10.69 10.88 11.08 11.28 11.47 

6 11.66 11.86 12.06 12.25 12.44 12.64 12.83 13.03 13.22 13.42 

7 13.61 13.81 14.00 14.19 14.39 14.58 14.78 14.97 15.17 15.36 

8 15.56 15.75 15.94 16.14 L655 16.53 16.72 16.91 17.11 17.31 

9 17.50 17.69 17.89 18.08 18.28 18.47 18.67 18.86 19.06 19.25 

10 19.44 19.64 19.83 20.03 20.22 20.42 20.61 20.81 21.00 21.19 

11 21.39 21.58 21.78 21.97 22.17 22.36 22.56 22 15 22.95 23.14 

12 23.34 23.53 23.72 23.92 24.11 24.31 24.50 24.70 24.89 25.08 

13 25.28 25.47 25.67 25.86 26.06 26.25 26.45 26.64 26.83 27.03 

14 BU SOL 27.42 27.61 27.81 28.00 28.20 28.39 28.58 28.78 28.97 

15 29.17 29.36 29.56 29.75 29.95 30.14 30.33 30.53 30.72 30.92 

16 31.11 31.31 31.50 31.70 31.89 32.08 32.28 32.47 32.67 32.86 

17 33.06 33.25 33.45 33.64 33.83 34.03 34.22 34.42 34.61 34.81 

18 35.00 35.20 35.39 35.58 35.78 35.97 36.17 36.36 36.56 36.75 

19 36.95 37.14 37.33 37.52 SUC 37.392 38.11 38.31 38.50 38.70 

20 38.89 39.08 39.28 39.47 39.67 39.86 40.06 40.25 40.45 40.64 

21 40.83 41.03 41.22 41.42 41.61 41.80 42.00 42.20 42.39 42.58 

22 42.78 42.97 43.17 43.36 43.56 43.75 43.95 44.14 44.33 44.53 

| 23 44.72 44.92 45.11 45.31 45.50 45.70 45.89 46.08 46.23 46.47 

L 24 46.67 46.86 47.06 47.28 47.45 47.64 47.83 48.03 48.22 48.42 

f 25 48.61 48.81 49.00 49.20 49.39 49.58 49.78 49.97 50.17 50.36 

| 26 50.56 50.75 50.95 51.14 51.33 51.53 51.72 51.92 $2.11 52.31 

| 27 52.50 52.70 52.89 53.08 53.28 53.47 53.67 53.86 54.06 54.25 

} 28 54.45 54.64 54.83 55.03 55.22 55.42 55.61 55.81 56.00 56.20 

h 29 56.39 56.58 56.78 56.97 Sey, 57.36 57.56 57.75 57.95 58.14 

, 30 58.34 58.53 58.72 58.92 59.11 59.31 59.50 59.70 59.89 60.09 
| 


Figure 81.-Limiting distances for 10- and 20-factor prisms, horizontal. 
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APPENDIX 6.—SLOPE CORRECTION TABLES 


ee Slope re Slope aps Slope 
correction correction correction 
Percent factor pencent factor pexcent factor 
slope slope slope 

10. 0 80.7 
1.01 1.29 

17.4 82.3 
1, 02 1, 30 

22.5 83.9 
1.03 1,31 

26.7 85.4 
1. 04 1.32 

30.4 86.9 
1.05 1, 33 

33,6 88.4 
1.06 1, 34 

36.6 89.9 
1,07 1,35 

39.5 91.4 
1.08 1. 36 

42.1 92.9 
1,09 Ser 

44.6 94.3 
1.10 1.38 

47.0 95.8 
Vane | 1, 39 

49.3 97.2 
1.12 1, 40 

51.5 98.7 
1,13 1.41 

53 at 100. 1 
1.14 1.42 

55.8 101.5 


Correction factor for steeper slopes is: 


J l 3 EERE percent 
100 


Figure 82. —- Appropriate correction factors for basal area or volume per acre calculated from unad- 
justable angle-gauge tallies taken on a slope, where slope percent is measured at right 
angles to contour. 
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APPENDIX 7.-RESEARCH NOTE SO-84 


U.S. FOREST SERVICE 


RESEARCH NOTE 


Forest Service, U.S. Dept. of Agriculture 


T-10210 FEDERAL BLDG. 


701 LOYOLA AVENUE 


REVISED CALCULATOR FOR 
BARR AND STROUD DENDROMETERS 


Clement Mesavage * 


With pasted-on scales, a slide rule can 
be used to field-check readings made with 
all models of Barr and Stroud dendrome- 
ters. 


Since the Barr and Stroud dendrometer is 
not a direct-reading instrument, several types 
of aids have been developed for quick checks 
of distance, height, and stem diameters. Expe- 
rience with these indicates that a slide rule, 
suggested by Grosenbaugh (2) and constructed 
by Bruce (1), is the most effective alternative 
at this time. The experimental prototype is 
not durable enough for constant field use, 
however, nor is it graduated to accommodate 
the new model FP-15 Barr and Stroud den- 
drometer. This model has a vertical swing 
that extends beyond that provided by the 
present slide rule, and its inclinometer is grad- 
uated in terms of 1 + sine and 1 — sine, rather 
than in terms of sine alone. 


The author collaborated with Bruce to design 
and construct scales that will more nearly meet 


field requirements and accommodate all Barr 
and Stroud models now in use. Like its prede- 
cessor, the new rule was prepared by modify- 
ing Grosenbaugh’s BCLEX program (2, p. 47) 
so that an IBM 7040 computer would print out 
logarithms of slant range, diameter, and appro- 
priate functions of T and F grad. The instru- 
ment parameters were changed to agree with 
recent revisions of the STX computer program 
(3). These logarithms, and logarithms of co- 
sines needed to compute horizontal distances, 
were plotted on scales about 36 inches long, 
then reduced for attachment to standard 
double-faced 10- or 5-inch slide rules. Printed 
on thin paper that is weather- and rub-resist- 
ant, the scales can be affixed to rule surfaces 
with rubber cement, and can be positioned for 
hairline accuracy. Sets, illustrated in figure 1, 
are available on request from the Southern 
Forest Experiment Station. 

Scales labeled AA, AB, AC, and AD are 
attached to one side of a slide rule, and are 
used to convert T grad (the first setting) to 
slant distance and to calculate height and hor- 


'The author is Forester, Division of Timber Management, National Forest System, USDA Forest Service. The _ slide-rule 
scales described here were devised largely while he was on the staff of the Southern Forest Experiment Station, USDA 


Forest Service, at Harrison, Arkansas. 
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Figure 1.—Scales for adapting a 5-inch double-face slide rule as a calculator for 
Barr and Stroud dendrometers. 


izontal distance for any elevation or depression 
of the line of sight. For example, the index 
on the AC scale shown by figure 1 is opposite 
a scale AD setting indicating a T grad of about 
50.8. Slant distance is then read as 100 feet 
on scale AA opposite 0 on the AB scale. Witha 
tilt of 40°, model FP-15 would show inclinom- 
eter readings of 1.643 for elevation and 0.357 
for depression. For a T grad of 50.8, corre- 
sponding height would be read on scale AA as 
+ 64.3 feet or — 64.3 feet. Horizontal distance 
would similarly be read on scale AD, opposite 
scale AC, as 76.6 feet for either of the above 
inclinometer readings. Since the inclinometers 
on models FP-9 and FP-12 are graduated di- 
rectly in terms of sine, the vertical departure 
or horizontal distance correction would be read 
opposite 1 + sine scale for both elevation and 
depression. 


The A scales are graduated for distances to 
500 feet and heights 1 foot and greater above 
or below horizontal. Although 36 feet is the 
minimum slant distance that can be measured 
with the Barr and Stroud dendrometer, the 
scale for horizontal distance was extended 
downward to 18 feet to accommodate a slant 
distance of 36 feet with an inclination of 60°. 
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The B scales attach to the reverse side of 
the slide rule and are used for converting com- 
binations of T and F grad to stem diameter in 
inches. With the index set opposite T grad, 
diameter is read opposite F grad on scale BC 
for F grads of 64 and smaller (stems 0 to 7.9 
inches), and opposite F grad on scale BA for 
F grads of 65 and larger (stems 8.3 to 160 
inches). Thus, for a T grad of 50.8, diameter 
would be indicated as 5.2 and 18.4 inches, 
respectively, for F grads of 60.0 and 80.0. 


Scales BB and BC are proportioned to cover 
the upper two-thirds of the center bar so that 
the C scale of the underlying slide rule is ex- 
posed. If scale BD is positioned below the D 
scale on the lower rail of the underlying rule, 
the C and D scales are available for multiplica- 
tion and division, either for bark thickness cor- 
rections or unrelated problems. Figure 2 shows 
the arrangement of the scales after mounting. 

Accuracy of the slide rule is well within the 
tolerances claimed for the instrument itself. 
Diameters read from the 10-inch rule for a 
range of random settings correspond closely to 
diameters derived from tables supplied with 
the instrument, and are obtained more con- 
veniently in less time. 


| Ll dual 


i ? 


se = 
‘5 
a = 
z .§ 


Figure 2.—Scales BB, BC, and BD are positioned to leave exposed the C and D 
scales of the underlying slide rule. 


Although the slide rule is speedier than 
table lookup, its use with computer-processing 
should be confined to field checks, or to meas- 
uring trees where obstructed visibility may 
result in confusion and lead to undetected 
errors. STX computer processing will accom- 
modate such direct measurements interchange- 
ably with unconverted instrument readings if 
the tree input data card is punched appropri- 
ately, but field recording for a given tree must 
be on one basis or the other. 


ATTACHING THE SCALES 


The scales require a double-faced slide rule. 
The following procedure is suggested to assure 
accurate scale alignment and free movement 
of cursor and center bar. 

1. Choose a rule that has ample clearance 
for the scale-paper stock and mounting adhe- 
sive. Test this by sliding two thicknesses of 
the paper stock strip under the cursor glass and 
under the end brackets on each side of the rule. 
If necessary, clearance for the glass can be ob- 
tained with shims. A slide rule requiring addi- 
tional clearance through the end brackets 
should be avoided. 

2. Before proceeding with scale attachment, 
adjust the rule so that the hairlines are aligned 
with the indexes on both sides. Fix the cursor 
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in this position with a cardboard block and 
masking tape. 

3. Slice the scales accurately along the scale 
line and trim to required width. Allow a mar- 
gin of 1/16 inch at the outside edges of upper 
and lower rail scales. A sharp knife and steel 
straightedge are better for this purpose than 
conventional papercutters. 


4. Starting with the center bar, slide the 
paper scale under the window glass until the 
index line is precisely under the hairline, and 
line up the scale with the side of the bar. Trim 
excess length to allow a margin of at least Y2 
inch on each end of the slide, but do not cut 
off the match lines. Hold the scale in this posi- 
tion with a stout paper clamp (fig. 3). Apply 
a thin, even coat of rubber cement to both the 
rule and scale surface to the right of the clamp. 
Allow a few moments for the cement to set, 
then press the scale to the rule, rolling it in 
place from the clamp out to the right end. 

5. Remove the center bar, and attach the 
left side of the scale. Clean the bar and rail 
edges, and, if necessary, trim the scale so that 
the bar will again slide freely between the 
rails. Attach the right side of the scales to 
the upper and lower rails, in the same way, 
trimming length to fit between the end brack- 
ets. Clean and trim the scales so that the center 


i 


Figure 3.—Shows cursor fixed in position with hair- 
line adjusted to indexes of underlying 
slide rule, and paper scale overlay held 
in place before cementing. 


bar slides freely, then turn the rule over and 
repeat. 


6. Release the cursor, and attach the left 
side of the scales to the upper and lower rails 
on both sides of the rule. 
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When the scales are aligned correctly, the 
match lines on the center bar will correspond 
with those on the rails, and the indexes on both 
sides of the rule will be opposite the same T 
grad. 
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